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ABSTRACT

Several significant advances were made during the course
of this developmental program; on the Automated Microb;al
Metabolism Laboratory (AMML). The discovery of the photosynthesis
activity index offered by phosphate uptake led to the
recommendation thaf a photosynthetic component be examined
for in all the experiments. In addition, a number of problem
areas were uncovered. These were pl‘inciiaally the non;
biological signals from soils ahd substrates extracted from
soils which interfere with the phosphate assay procedures.

The engineering effort on this program was directed
toward the development and fabrication of an automated
instrument that could be programmed to perform the
various liquid biochemistry assays of the six AMML experi-
ments. The instrument mechanism uses a 1 ml syringe-type
transfer pump combined with a dual micro-slide-valve and
roll-tape filter and is automatically controlled. The con-~
troller is a solid-state programmer which uses a Tele-
typewriter tape-reader as a stored progiarn ihput.

Several detectors were also included in the instrument

“ 14

. . . 35 .
to monitor for ATP bioluminescence S and C fixation
X

: 14
and a  C-triethylamine phosphate determination.
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1. Summary

The Automated Microbial Metabolism Laboratory (AMML)
represents an attempt to develop moderately advanced
instrumentation for extraterrestrial life detection missions
in the mid or late 1970's. The program is aimed at simplifying
and solving some of the complex instrumentation problems
associated with multiple step és says, particularly those
based on wet chemistry techniques.

One of the experiments supplies an aqueous solution of
radioactive organic substrates to a sample of the planetary
surface. The labels used are 14C and 35S. After application
of the solution, the sélnpl_e is monitored for the production
of radioactive gas.

In an extension of this experiment, a light is introduced
as a means for detecting photosynthesis. The light is turned
on and off during the monitoring for radioactive gas production.
Fluctuations in the rate of evolution’ of the radioactive gas
corresponding to the light and dark periods are indicative of
photosynthetic activity in the sample.

Another experiment secks the detection of strict photo-
trophs. Radioactive carbon dioxide gas is supplied to a

sample exposed to the light for a predetermined incubation
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period. The 4CO2 is then vented from the chamber. Light
is excluded and the space above the sample is monitored for
the dark evolution of 14CO2 as an indication of endogenous
respiration.

Another metabolic approach seeks to detect life by
measuring the presence and increase of adenosine triphosphate
(ATP) in a sample of the planetary material. In the experiment,
lyophilized fifefly luciferase is dissolved in aqueous buffer.
In a separate chamber, a portion of the planetary material is
chemically extracted to release any microbial ATP present.
Aliquots of the enzyme preparation and the liquid extract are
mixed in front of a photomultiplier tube. If any ATP is pre-
sent, light is emitted by the reaction in proportion to the
quantity of ATP present.

In the event that phosphate plays a role in the extra-
terrestrial life encountered, but that this vital nutrient
does not participate as ATP, a phosphate uptake experiment
was devised. This experiment seek’é the iﬁcorporation of
dissolved inorganic orthosphosphate from an aqueous culture
medium into which the sample is introduced. Uptake is
detected by filtering and assayiﬁg aliquots of the phosphate-

containing medium after inoculation. The orthophosphate

o
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assay is accomplished by first complexing the phosphate with
T . 14 .

molybdate and then precipitating the complex with = C-triethy-

lamine. The precipitate is filtered and its radiocactivity, which

is directly proportional to the quantity of phosphate present,

is measured on the dried filter tape.

The sixth experiment of the AMMIL is a labeled carbon
and sulfate uptake test. A sample of the planetary material
s . . . 5
is introduced into an aqueous medium containing SO4 and
14 . . . s

C-organics. Aliquots of the suspension are periodically
removed and filtered. The particulates retained by the
membrane filter are dried and counted for radioactivity as
an indication of uptaké by microorganisms.

During the course of this year, the biology-biochemistry
research phase of this program has produced several significant
findings relative to the AMMLIL array of experiments. The use
of RM9 basal medium and labeled formate (developed under
the Gulliver program) has enabled the detection of the hetero-

e 3 .
trophic respiration of as few as 10 algal cells within two
hours., This represents an increase in sensitivity of three
orders of magnitude for the detection of algae over previous
results in this program.

The discovery that orthophosphate is taken up sufficiently

rapid by several species of Chlorella to permit use of this ion
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as an indication of photosynthesis has added a new dimension
to the AMMIL experiment. On the basis of this finding, it
is recommended that the light-dependent naturc of each of
the life detection methods be measured bir the introduction
into the experiment of comparative light and dark incubation.

The addition to growth media of indoleacetic acid
or low levels of the B vitamins which are carbon dioxide
carriers was found to stimulate the growth of photosynthetic
microorganisms. It was also found that phosphate uptake
by photosynthetics was enhanced by thé addition of 0.1% glu-
cose té the 1ne§iu1’n. However, the small absolute amounts
. of phosphate taken up are best observed against a low phos-
phate background., The growth of microorganisms in low
phosphate media was, therefore, studied and found.to be
satisfactory for the purposes of the AMML experiments.
No morphological differences could be demonstrated between
normal algal cells and phosphate starved organisms. Photo-
synthetic microorganisms grown und;er opti;(llal physiological
conditions maintained their capacity for rapid growth for up
to five generations in low phosphate media.

Satisfactory laboratory tests were obtained on a semi-

permeable membrane material which could be used to retain
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moisture in the heterotrophic metabolism assay. This
material will pass carbon dioxide freely while sAubstantially
reducing the rate of loss of water vapor.

Th'e feasibility of conducting the light fixation-dark
release test on soil samples was demonstrated. Satisfactory
results were obtained on a number of soils. Thése tests
indicated the prebsence of both photosynthetic and chemo-
lithotrophic microorganisms in the soil samples.

The growth rate of microorganisms in the aqueous
growth chamber constructed for the AMML was measured
and found sati.sfactory indicating no serious inhibitors in
the materials of conétruction.

A number of problem areas were uncovered during the
course of these investigations. The nonbiological retention
of labeled substrates by soils and filter materials was found

355 uptake experiment.

to limit the sensitivity of the 14(3 and
Further studies will be required to-develop a wash procedure
to lower the background level. Serious deficiencies were
found in the colorimetric and radioisotopic phosphate assay
procedures. Additional analytical method development will
be required to apply these methods to soil extracts and to

increase the sensitivity of the radioisotopic phosphate assay

rocedure. Nonspecific absorption of radicactivity by the
P e T y by
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filters from labeled triethylamine solutions is a factor in
the latter.

The engineering program has applied the results from
the biology-biochemistry research program toward the
design and fabrication of a feasibility model of the AMMIL
instrument. This instrument design centers about the
use of a multi-port slide valve with a single syringe pump
mechanism to provide a means to perform the aqueous wet
chemistry assays. These aséays are those that require
metering, transferring, mixing and filtration and are per-
formed automatically by the AMML instrument with the use
of a programmer controller.

'I"he automatic programmer controller consists of a
teletypewriter tape-reader and logic circuitry which trans-
lates the program commands from a paper tape to control
functions for the assay apparatus. This technique enables
the operator to optimize the operating program easily by
siinply preparing a new program tape. |

The AMML instrument incorporates several sensors
that include an optical reaction cell coupled to the photo-
cathode of a photomultiplier that is used to tbe st for ATP
specific bioluminescence. Solid-state and Geiger-Mueller

beta detectors are used in the tests for l%C and 358 uptake

and 14ACOZ evolution.
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. Introduction

The goal of this program has been the functional inte -
gration of six independent, but reinforcing, experiments into
an Automated Microbial Metabolism Laboratory (AMML) for
the detection of extraterrestrial life. In its completed form,
the instrument should use the various subsystem components
in multiple ways to minimize size, weight, complexity, and
power requirements. The entire system, weighing perhaps
15 to 20 pounds, could serve as a biological payload for a
small planetary lander or as a subsystem in a more elaborate
extraterrestrial, biological, chemical, and physical exploration.
This report describes the results of a oneu-yyea.r effort to refine
the bio‘logical experiments and delﬁonstr.ate their individual
and collective feasibility, This program was aimed at
simplifying and solving some of the complex instrumentation
problems associated with multiple step assays, particularly
those based upon wet chemistry techniques.

The AMML consists of the following specific biological
experiments:

1. Radioisotopic biochemical probe (Gulliver,
labeled release test)
2. Heterotrophic photosynthesis test

3. Autotrophic photosynthesis test
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4, Adenosinétriphosphate (ATP) measurement
test

5. 14C~organic and 358—sulfate uptake test

6. Orthophosphate uptake test
Although not studied as a part of this present program, the
following nonbiological measurements sh‘ould be made
on the planetary surface by the lander instrument in order
to complement the biological tests:

1. temperature

2. atmospheric oxygen

3. pH of the surface material

4. ambient light intensity

5. background radiation

6. soluble phosphate content of the

surface material
This experiment array offers a broad spectrum of

metabolic and biochemical windows through which extra-
terrestrial life can be sought. The specific experiments
listed above permit the AMML to monitor the interface
between the biological system and thé environment by
examining processes involving the following important ‘
elements, compound and energy source:

1. The uptake and release of carbon heterotrophically

from simple, dissolved substrates, and autotrophically
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as carbon dioxide fixed photosynthetically,

2. The involvement of oxygen in the photosynthetic
process,
phosphate form,

4., The presence and production of adenosine triphosphate,

5. The uptake of sulfur in i.horganic and organic form; and
6. The utilization of light as an energy source for
metabolism.

Individually, each experiment might yield evidence on the
presence of life and provide some information on- metabolic rates.
However, as an in’cegfa’ced experiment, the total value exceeds
the sum of its parts. The information obtained could indicate
whether or not any life encountered was similar to or very
different from that on Earth. For example, the phosphate and
sulfur tests might indicate the presence of life which, yielding
negative 1*e‘su1ts in the ATP test, WOillﬂ, thereby, be shown to
follow an alien biochemical pathway. Carbon/phosphorus/sulfur
utilization ratios might be obtained. ATP production might be
related to carbohydrate utilization and phosphate uptake.

Furthe r, the system makes it possible to detect life which may

be noncarbon based.
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I1I.  Biology-Biochemistry Rescarch Program

A. Supporting Research for Life Detection Experiments
1. Growth of Photosynthetic Microorganisms

a. Descriptions of Test Photosynthetic
Microorganisms

Three strains of greén algae were selected as sources
of materials to be used in the laboratory photosynthetic studies.
These strains, of the genus Chlorella, are described by Shihira
and Krauss {1) as follows:

Chlorella sorokiniana (sﬁpplied by the University

of Maryland, Department of Botany)

Cells spherical or ellipsoidal in inorganic liquid
media, 3 x 2 u in small cells to 4.5 x 3.5 u in large cells, often
becoming spherical, 4.5 to 5.5 uin diameter when grown on
glucose. Chromatophore shallow, bowl-shaped; green but
turning white in old inorganic cultures, and even more quickly
on glucose media. Pyrenoid present.

Grows rapidly on agar without organic nutrients.

Good growth on inorganic liguid media. Glucose
supports good growth in light and some growth in darkness.
Galactose stimulates growth in light and weakly stimulates it

in darkness. Mannose usually inhibits growth or may support
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little or no growth. Other sugars not cffective. Acctate su.ppor'i:s
no growth in darkness.

Ammonia and nitrate utilized equally. Casein
hydrolysate as a nitrogen source supports growth better than
NH,NO,.

Yeast extract only slightly effective, thiamin not
effective.

Maximum growth rate of 9,2 doublings per day at 39°C.

Chlorella vannielii

Cells always spherical, 3-13 uin diameter, nearer
to 13 when gl’O\;Jll on glucose media, Chromatophore bowl-
shaped; always green. Pyrenoid present, but not always
evident.

Good growth on agar or on any medium in light.

Grows well on inorganic media in light, glucose
stimulatory in light, but weakly so in the dark. Galactose
enhances growth in light but only weakly in-the dark, mannose
inhibits growth in light, other sugars ineffective. Acetate
not stimulating in light and does not support dark growth.

Nitrate always supports better growth than ammonia as

a nitrogen source. Casein hydrolysate and NH N03 serve

4
equally as nitrogen sources,

Yeast extract and thiamin ineffective,
i

Dark growth alwavys poor.
DA

b,

-
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Chlorella vulgaris

Cell always spherical, 4-10 u in diameter. Chromato-
phore a reduced cup-shape; pea green. Pyrehoid present.

Not easily grown on agar, usually grows in a thin
sheet. Slow growth rate.

Grows on inorganic media in light; glucose
stimulatory in light and dark, although still with a slow growth
rate. Galactose, mannose, and fructose strongly stimulate
growth‘ in light and support some growth in dark. ILactose,
maltose, raffinosé, and dextrin sometimes promote growth
slightly in light. Acetate supports some growth in darkness.

Nitrate and NH._ serve equally as nitrogen sources.

3

Casein hydrolysate is generally more stimulatory than NI-I4N03
as a nitrogen source.
Yeast extract enhances growth on glucose in either
light or dark with NH4N03 as a nitrogen source.
b. Illumination Chambers:

" Several artificial illumination sources were
designed and constructed for use in the production of algae and
for the laboratory studies of photosynthetic activity. The first
consgisted on a bank of four General Llectric 20712, CW,
cool-white, 20-watt fluorescent bulbs., This was latex

replaced by four General Electric F48PGL17, CW, cool-white,

im\
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power~-groove fluorescent Abulbs. The cultures were placed

at varying distances from the light bank in order to achieve
the desired intensity of illumination. When solid cultures
were used, inverted agar plates were placed on racks

above the light source in such a manner thatrillu:mination

was direct rather than through the translucent agar medium.
The iniﬁé)nsity of the light incident to the culture was monitored
with a General Electric Type 213 light meter.

c. Compositions of Media Used for Study of
Photosynthetic Microorganisms

Extensive research into the development of
M"aniversal’ media was undertaken in earlief development of
the AMML (2) and th‘e labeled release (Gulliver) experiment (3).
These media support, but do not necessarily optimize, grow“ch
of a broad spectrum of microorganisms. The media
developed for AMML and investigated further during this pro-
gram include the M9, RM9, and M1l media. The com- ‘
positions of these media are shownin Table 1. Comparative
studies of the growth of several photosynthetic organisms
were undertaken with numerous media known to be optimal
for these species in order to determine if it would be
necessary or desirable to alter the pres‘ent composition

of the basal medium to accommodate the photosynthesis
1
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Table 1

Composition of AMML Basal Media

K,HPO,

MgSO,,. 71,0

4
NH4N03

NaCl

Soil Extract®

pH

Tris

KNO4

Malt Extract

Reef Extract

Yeast Extract
Ascorbic Acide
Bacto~Casamino Acid

Proteose Peptone #3

M9
1.0 g/1
0.20 g/l
0.20 g/1
0.10 g/1
100 m1/1

7.0 (HC1)

- M9,

RIM9
5.0 mg/1
0.08 g/
0.20 g/1
0.10 g/1
100 m1/1
7.0 (HC1)

6.0 g/l

RM9, and M1l

M1l
1.0 g/1
0.20 g/1
0.19 g/1
0.10 g/1
16.0 ml/1

7.0 (HC1)

<

. 031 g/1

<o

.19 g/1

<o

19 g/1

(=]

.81 g/1

o

. 013 g/1

0.25 g/1

ey

.25 g/l

% Soil extract was prepared by suspending 500 g of air-dried

soil in 1300 ml of water.

The mixture was then autoclaved foxr

one hour, filtered, and made up to one liter with sterile, dis-~

tilled water,

1

fiezman
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experiments. A list of media for photosynthetics which were
investigated during this project is provided in Table 2.
d. Growth and Assay Procedures
The procedure for the growth of cells of the three

species of Chlorella studied during this program consisted of
transferring an inoculum of the organisin by a wire-loop from
a parent culture to the appropriate medium followed by
incubation until the desived yield was obtained. Routinely, a
wire-loop inoculum of algae was transferred aseptically into
50 ml of medium and incubated either under continuous

illumination or total darkness at the selected growth temperature

to obtain an optical density, measured at 525 nm of about 0.5,

Growth of the thermophile, Chlorella sorokiniana was .achieved
by the use of a water bath shaker thermostatically controlled
at 39°C.

Growth yields of the algae suspensions were determined

either by optical density measurements or by measuring the

dry weight of cells. Aliquots of the cultures were sampled

and desiccated to dryness in tared aluminum weighing vessels
to determine the weight yield of cells. . Alternately,the optical
density was measured at 525 nm in a cuvetl having a one
centimeter light path and the weight yield determined from a

standard curve. A standard curve for the growth assay of

freh

.
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Table 2
911193}31]? Media Used for AMMI, Studies

1. Krauss Basal Inorganic Medium for Culture of Chlorella (1)

Concentration
Compound (g/1)
NH4NO3 1.0
KZHPO4 1.0
MgSOZr 7HZO 0.25
Na2M11 EDTA 0.0071
NaZCa EDTA. 0. 0071
NazCo EDTA 10,0077
NaZCu EDTA 0.0093
Na,Zn EDTA : 0. 0067
NaFe EDTA 0.038
MOOB 0. 001
I—I:‘;BO3 0. 010

2. Basal Inorganic Medium for Culture of Chlorella - University
of Maryland

Concentration
Compound ' (g/1)
KNO, | 4 L0
MgSO4., TH, O | 0.25
KH, PO, ' 0.80
K, HPO, 0.20

NaFe XDTA 0. 005
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Table 2 (continued)

Concentration

Compound (/1)
NaZMn EDTA 0. 001
NaZCu EDTA | 0. 001
’NaZZn EDTA 0. 001
NaZCa EDTA. 0. 001
NaZCo EDTA 0. 001

3. Protsose-Agar Medium for Culture of Chlorella

Concentration

Compound (8/1)
NaNO3 0.10
CaCl2 0. 01
MgSO . 7TH_O 0.03
BV
KZHPO4 0. 03
KH PO 0. 07
24
NaCl 0. 01
Yeast Extract . . 0, 01
Proteose ' 1.0
Agar 15
Nal'e EDTA 0. 005

Na2Mn EDTA 0.001
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Table 2 (continued)

Concentration
Compound (g/1)
NazCu EDTA | | 0.001
NaZZn EDTA 0.00L.
Na,Ca EDTA , 0. 001
NaZCo EDTA O.. 001
pH 6.2-6.5 (FIC1)

4. Bristol's Proteose-Agar Medium for Cultures of Chlorella

. Concentration
Compound (g/1)
NaNO, ’ o 0.10
CaCl, | 0.0l
MgSO4. 71,0 ‘ 0.03
KZHPO4 ’ .03
KT, PO, 0.07
NaCl - 0.01
Feci3 0.0005
Agar | 15
pH ' ’ 6.5 (HCI)

5. NaHCOB»-Yeast Agar Preparation for Plates

Concentration
Compound (/1)
Naz—xc‘:o3 ‘ 4,0

o
=L

These compounds are diluted up to one liter with Krauss basal
inorganic medium for culture of Chloxrclla (1).
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Table 2 (continued)

" Concentration
Corapound | (g/1)
Yeast Extract 0.10
Agar 15
pH 6.8

These compounds are diluted up to one liter with Krauss basal
inorganic medium for culture of Chlorella (1).
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Chlorella sorckiniana by optical density measurements is

shown in Iligure 1. 7This figure shows that a virtually linear
relationship exists between optical density and dry weight of
cells per unit volume of cell suspension. A Bausch and Lomb
"Spectronic 20" spectrophotometer was used to make routine
assays of algal suspensions via optical density measurements
at 525 nm.

High density cell populatiéns were occasionally required
for inocula and were obtained by centrifugation of a growing
culture of cells. The pellet of viable cells was then re-
suspended in 0. 1M Tris buffer using a Tenbroeck glass
homogenizer. The centrifugal force required to yield the
maximum recovery of viable cells was determined. The
effect of centrifugal force upon the percentage of cells har-
vested is shown in Figure 2. All experimental results re-
ported here on the growth of green algae were obtained using
the above described procedures.

2. Development of hdedia’ for thé AMMI,

Results presented in this section of the report
describe the challenging of the AMMIL media with soil micro-
. organisms as well as the results of attempts to increase the
metabolic rates of photosynthetic organisms in these media

through the use of various organic and inorganic additives.
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a. Soil }\/Iic;rfobiology
1} Introduction

A study was conducted in which the levels
of growth of soil microorganisms were compared on a standard
bacteriological medium (trypticase soy agar) and on agar plates
prepared with the AMMIL media M9, RM9, and M1l, The pur-
poses of this study were to demonstrate the ability of the AMMI
media to support the growth of soil microorganisms, to com-
pare this growth supporting ability with a standardized bacterio-
logical medium, and to provide a minimal estimate of the num-
ber of viable organisnis in the test soil samples. It has been
documented that the total number of viable organisms in soil
may vary over many orders of magnitude depending upon the
sample selected for investigation. It has also been documented
that the number of organisms found using any one bacteriological
medium may be several orders of Inagnitude lower than the
actual numbers of organisms present i'n the soil sample.

2) Procedures ,

M9, RM9, M1l media and trypticase
soy broth were solidified by the addition of 1.5% agar. The
pH of each medium was adjusted to pH 7.0 prior to autoclaving.

A thickness of approximately 3/8 inch of agar was provided by
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the use of 25 ml of media per plate. All plates were stored
at 4°C prior to inoculation in order to minimize drying.

All soils tested were treated in the following manner.
A 1.0 g sample of the soil was suspended in 0.1M Tris
buffer, pH 7.0. This suspension was shaken vigorously for
one minute with‘a wrist action shaker. The S.haki,ng cycle
was repeated after a 15 minute interval to permit solution
of soluble particles. Dilutions ranging from 1071 through
10~6 (or greater, if necessary), were prepared and 0.1 ml
aliquots of each dilution were then plated in triplicate on
each of the 1n’edia. under investigation. The plates were
spread with a sterile glass rod. Following inoculation,
the plates were sealed with plastic tape to retard loss
of moisture, inverted, and stored at 30°C. The plates
were removed from the incubator and examined for growth
after an incubation period of from 24 to 48 hours, depend-
ing upon the soil sample being tested: The‘pla’ces were
incubated for an additional 24 hours and then reassayed in
the event that no growth was demonstrable after the
initial incubation period.

3) Results and Discussion

The results of this study conducted on

s
i e

e
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six soils from the Eastern half of the United States are
shown in Table 3. Although the AMML media generally,
but not always, yielded lower numbers than the trypticase
soy agar, it is significant to note that demonstrable growth
was achieved with the solidified AMMIL media on each of
the soils tested during the course of this phase of the
program. Substrate concentrations in the AMMI media
have purposecly been sct at extremely low levels in order to
minimize any possible inhibition of the metabolism of
Martian organisms caused by an excess of organic com-
pounds. Therefore, the AMML media were not expected
to yield visible evidence of growth at the same levels as
indicated by a standard bacteriological medi:mn. It is
significant to note that when organic substrate in the form
of 1.0% glucose was added to M9, this medium then gave
results equivalent to those obtained with trypticase soy
agar.
b. Organic and Inorganic Additives to Pro-

mote the Growth of Photosynthetic

Microorganisms

1) Introduction

The Biospherics Incorporated technical

proposal for this program, '"Automated Microbial Metabolism
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Table 3

-
EL\M
~
»

Growth of Soil Microorganisms on Trypticase
Soy Agar and Solidified AMMIL Media

Soil Sampling
Location

Washington, D. C.

Montgomery County,

Indiana

Somerset County,
Maryland

M9
RM9
M1l

TSB

M9
RM9
Mil
TSB

MO9+1. 0% glucose

M9
RM9
M1l
TSB

MO9+1, 0% glucose

Bacteria/g Soil

4
5x10
9X103
2x].06

3x104

1:>§].06
1x10
5%10
5x10

1x10

2x10
2x10
35100
5x107

65107
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Table 3 (continued)

Soil Sampling
Location Medium Bacteria/g Soil

Lenoir County,

North Carolina M9 5XlO6
5
RM9 2x10
M1l 3x106
TSB 1:>§].O6

Morgan County,

West Virginia M9 5x].04
RM9Y 2x10°
M11 2x10%
TSB 45106

Wildwood, New

Jersey M9 6x10dI
RM9 1x10°

M1l 1x10 7

TSB ’ © o 2x10°

7

M9+1. 0% glucose %10
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Laboratory' (4), states that, "The medium previously used
will be modified by the addition of various inorganic and
organic constituents in an attempt to enhance the CO2
production on a per cell basis. Vitamin BlZ’ thiamin,
and niacin addition will be explored in axenic cultures on
the basis of the possibility recently raised that these
vitamins and co-factors may be essential to autotro-
phism. "

The AMML as originally conceived had two photo-
synthetic COlTlpOI"lel"ltS in its array of experiments; hetero-
trophic photosynthesis in which the rate of production of
14 s . .
CO2 was altered by light, and autotrophic photosynthesis
in which labeled CO2 was fixed in light and released during a
dark incubation period. As will be described later, a
significant advance achieved during this program resulted in
the discovery of the light dependent nature of phosphate up-
take by algae. This introduced a third photosynthetic
experiment into the array of life detection schemes further
emphasizing the importance of photosynthetic mechanisms.
Laboratory research efforts to increase the metabolic

activity of photosynthetics through the use of additives are de-

scribed in this section. The effects of carbon dioxide, indole-
2

acetic acid, and B vitamins upon the growth of algaec were studied.

o
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2) Effects of Indoleacetic Acid Upon Photo-
synthetic Growth
Indoleacetic acid (IAA) is known to enhance the
photosynthetic activity of green plants., Therefore, this com-
pound was examined for its ability to promote the growth of a
photosynthetic microorganisms. The equipment and growth
and assay procedures described earlier in this report were
used to examine the effects of IAA additions to a basal Chlorella

medium upon the growth of Chlorella vulgaris. Flasks of basal

medium containing varying amounts of IAA were inoculated and
examined for growth at 24 hour intervals by measuring the
optical density at 525 nm.

The results of this experiment are shown in Figgre 3.
All levels of TAA studied showed some stimulation of growth,
A three-fold increase in growth rate was attained with 93 mg/1
IAA, the highest concentration studied. The addition of IAA
will enable studies to be conducted on samples having marginal
photosynthetic activity.

3) Study of B Vitamins to Enhance the Growth
of Chlorella

As has been stated previously, this enhanced
metabolic activity would increase the sensitivity of the various’

life detection methods. A likely possibility for stimulation of
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carbon dioxide production in photosynthetic as well as in non-
photosynthetic microorganisms is the addition of B vitamins to
the growth media. The peossibility was recently voiced that there
may be no strict phototrophs because all photosynthetic organisins
may require vitaming (5). A study was undertaken of the effects
of B vitamins upon the growth of photosynthetic organisms.

The list of B vitamins selected for their known abilities
to act as grrowth co-factors is shown in Table 4. The growth of

Chlorella sorokiniana in stationary, 50 ml cultures of RM9 medium

under conditions of constant temperature and illumination was
measured to study the effects of a variety of vitamin supplements.
A. scheme was devised which minimized the number of com-
binations to be tested in order to evaluate the antagonistic and/ox
synergistic effects of the vitamins as well as their individual
effects upon growth. These combinations of vitamins along with
the concentrations used are shown in Figure 4. Experiments, each
consisting of 13 experimental flasks plus suitable controls, were
run for two concentrations of each vitamin, Vitamin concentrations
of 1 and 10 ug/ml of RM9 medium were selected for study.

The effects of two concentration levels of B vitamins upon

the growth of Chlorella sorokiniana are summarized in

W
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Table 4

Selected B Vitamins

Thiamine
Riboflavin
Vitamin B

6
Nicotinic Acid
Pantothenic Acid
Biotin

Vitamin Bl Group

(
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Figures 5 and 6. A comparison of the levels of growth
achieved after 120 hours of incubation showed that a defini’ue
stimulation of growth can be obtained by the B vitamins that
are carbon dioxide carriers and that are active in the incor-
poration of one carbon compounds, Significant enhancement
of growth was noted only at the 1 ug/ml concentration level.
The addition of either biotin or pantothenic acid alone to the
RM9 medium at a concentration of 1 ug/ml resulted in a
growth enbancement of about 100%. The addition of the
vitamin BlZ group alone at this level resulted in an evhance-
ment of about 85%. The biotin, pantothenic acid, vitamin Bl
group combination at 1 ug/l was the only combination studied.
Whi}Ch was particularly effective. This combination of.vita:rn:'lns
resulted in an enhancement of about 100% in the growth of

Chlorella sorokiniana after 120 hours incubation.

4) Use of Carbon Dioxide to Promote the

The use of added gaseous carbon dioxide
to enhance the growth of photosynthetic microorganisms was
examined, Surprisingly however, decreases in growth rates

were observed when Chlorella sorokiniana, Chlorella

vannielii, and Chloreclla vulgaris cultures were exposed to

air enriched up to a level of 15% carbon dioxide. Experiments

vere performed in order to explain the decreased growth rates
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on the basis of altered pH in the medium induced by gassing
with carbon dioxide rich air.

The bicarbonate concentration required to maintain a
pH of 7.0 in medium gassed with 15% carbon dioxide was
determined. Media containing varying amounts of bicarbonate
buffer at pH 7.0 were gassed at a constant rate with 15% carbon
dioxide for the required length of time. Initial and final pH
values were measured. The results of this experiment are
shown in Table 5. A buffer concentration of at least 0.06 M sodium

bicarbonate is required to maintain a pH of 7.0 in the medium.

The nature of the pH dependence of Chlorella sorokiniana

and Chlorella vannielii (the two most rapid growing strains

investigated) was examined by preparing media identical in all
respects but varying the pH through the additions of hydro-
chloric acid or sodium hydroxide. A pH range of from 6.0

to 7.6 was studied for effect on growth of Chlorella (6). The
bicarbonate present proved sufficient to buffer the media
adequately throughout the pH range chosen for study. The
growth level achieved in stationary culture was examined
after 72 hours in each of the flasks. Figures 7 and 8 show
characteristic pH optima for the growth of each species. It

is interesting to note that the slower growing species, Chlorella
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Table 5

Effect of Bicarbonate Concentration Upon pH
Stabilization in Chlorella Medium®™

Sodium Bicarbonate Concentration pH

Molarity mg/ml Initial Final
0.03 2,52 7.0 6.2

0. 04 3.36 .7.0 ' 6.3

0. 05 4,20 7.0 6.8

0. 06 5.04 ' 7.0 7.0

0. 07 5,88 7.0 | 7.0

2
¥

The medium was gassed with 15% carbon dioxide in air
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vannielii, showed a very sharp maximum growth rate at pH 7.8

whereas Chlorella sorokiniana showed a broad optimal pH range

from 6.0 to 7. 2.
3. Test of the AMML Aqueous Growth Chamber
a. Introduction
Construction of the breadboard AMML will
require materials not routinely used in studying microbial‘
growth. The expgerirnenta,l growth chambers in which the
soil inoculum will be incubated prior to each of the required
assays has been tested fo‘r its ability to support the growth
of microorganisms without inhibitory side effects. A com-
parison has been mad:e of the growth obtained from parallel
soil inocula in RM9 medium in the AMML aqueous growth
chamber and in standard laboratory glassware. The aqueous
growth chamber is shown in Figure 9.
b. Experimental
Aliquots of RM9 medium inoculated with
100 mg of viable soil were added to the aqueous growth
chamber and to a 125 ml Erlenmeyer flask, Both systems
were incubated at 25°¢C + ZOC under ambient light in the
laboratory. At periodic intervals, samples from each system

were taken, plated on bacteriological agar medium, and the
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extent of growth measured. The results are summarized
below:
c. Results and Discussion

Figure 9 shows the growth oﬁtained. frofn
identical soil samples under both sets of conditions. While
a greater level of growth was achieved in the Erlenmeyer
flask, a c.onsider_able level of growth was achieved in as
litj:le as 24 hours in the AMML aqueous growth chamber.
Although differences in growth rate have been recognized,

the materials used apparently do not inhibit growth from such

soil inocula in a manner as to be prohibitive to the experiments.

The slightly lower growth rate observed in the experimental
chamber may not be ascribable to the construction material
used. The positive results obtained with the materials
selected indica%e that the chamber is usable in the AMML.
B. Heterotrophic Metabolism
1. The'Utilization c;f 14C—Forn‘1ate
A significant achievement of this program
has been the development of a technique which will detect the
heterotrophic metabolism of as few as 103 green algal cells
in less than two hours. This represents an increase in

sensitivity of three orders of magnitude over that last reported
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for algae. The addition of 14C~for1nate to RM9 medium was
responsible for the observed increase in sensitivity.
a. Experimental

Cells of log phase Chlorella sorokiniana

were spun at 7000 X g for 15 minutes in a refrigerated cen-
trifuge and then resuspended in basal RM9 medium.
Appropriate dilution factors were determined from replicate
direct counts in a Petroff-Hauser counting chamber. This
technique had been checked by comparisons of visual counts
with plate counts on algae which were incubated for several
days. The purity of the cultures was determined by direct
microscopic examination and cultures were discarded which
had bacterial contamination levels exceeding approximately
1%. Phase-contrast, 1000X optics were used throughout.
Aliquots of 0.1 ml of the appropri#e dilution to yield

103 algal cells were transferred to 10. ml. Erlenmeyer
flasks containing 0.3 ml of the >AM1\/£L basa;l RM9 medium
and 0.1 ml of radioactive substrate. The substrate chosen
for investigation in these experiments was a  C-formate
solution, 3.0 ﬁCi/nﬂ. The 14C»forlna,te had a specific
activity of 0.454 mCi/mg. A series of 12 replicate

test flasks were prepared and wrapped with aluminum
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foil to exclude light. Four sterile controls were also pre-
pa:;ed and incubated at $9OC for two hours along .with the
test flasks., The Erlenmevyer flasks were then capped for
15 minutes with planchets containing filter pads moistened
with saturated barium hydroxide solution. The planchets
were then dried for five minutes under an infrared source
and counted for radioactivity.

b. Results

"I‘he results of this experiment are shown
in Table 6. The a%rerage response from the test flasks
was 567 cpm, seven times that from the stei‘ile controls,
This experiment d.erﬁonstrates the ability to detect the
dark respiration of aé few as 103 algal cells in less than
two hours.
2. Heterotrophic Phofosynthesis

Several experiments were conducted in
order to examine the effect of the duration: of the light
exposure period upon the differential signal, dark minus
light, obtained in the heterotrophic pho‘;osynthesis life
detection test. Contrary to anticipated findings, a decrease
in the differential response was noted when the incubation

period was extended from two to five hours.




BIOSPHERICS INCORPORATED

Table 6

Heterotrophic Metabolism of Chlorella sorokiniana

Responses (cpm)

Test Control
- 470 82
454 82
720 60
326 99
418
709 -
673
418
709
637
418
688
567 + 153 81+ 10 average + standard
deviation
Assay Conditions: temperature 39°C
illumination none
medium 0.3 ml RM9
4c formate 0.1ml at 3.0 uCi/ml, 0.45 mCi/mg
inoculum 0.1 ml containing 103 algal cells
control sterile
time 2 hours
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3. Silastic Membrane
The use of a semi-permeable membrane designed
to pass carbon dioxide and retard water vapor was explored
for incorporation into the AMML instrument. The rate of
loss of water vapor from aqueous solutions exposed to the
Martian atmosphere will be very high due to the extant low
pressure and extremely low relative humidity. An
evaluation was conducted of a VSilastic’ membrane material,
manufactured by Dow Corning, for the purpose of reducing the
rate of loss of water vapor in the heterotrophic metabolism
experiment.
a. Experimental
The ability of the semi-permeable ''Silastic!
14 .
membrane to pass CO2 was measured by performing the
labeled release experiment under ambient terrestrial con-~
ditions in aluminum planchets covered with the '"Silastic"
membrane. A 0.3 ml portion of AMML basal RM9 medium
14 T ‘
containing C-formate was added to eight planchets and an
. ) 4 .
inoculum of 1.4 x 10 microorganisms added. Bard-Parker
germicide solution was added to four of the planchets. Two of
these control planchets and two of the remaining four test

planchets were sealed with '"Silastic' using an adhesive applied
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to the rims of the planchets. All eight experimental Aplanchetsv
were then C(;vel‘ed with inverted, blank planchets except for
the last five minute interval of the incubation periods shown

in Table 7. During this interval, the planchets were covered
with filter pads moistened with a saturated solution of barium
hydroxide in order to collect evolved 14COZ. The results of
this experiment are presented in Table 7.

A separate experiment was conducted in order to measure
the retardation of evaporation under ambient conditions. In this
experiment, 0.3 ml portions of distilled water were added to
several replicate planchets. These planchets were then sealed
with the ""Silastic" n}embrane using adhesive as described
above. The planchets were then weighed periodically in order
to compare their rates of water loss with open planchets which
initially contained 0.3 ml of distilled water. The results of
this experiment are shown in Figure 10.

An experiment, similar to the one described above, was
conducted at 10 millibars pressure ’in order to examine the
rate of water loss through "Silastic' membrane under Martian
atmospheric pressures. This experiment was only semi-
quantita;cive in nature due to the difficulty in performing
manipulations in the vacuum chamber. For this same reason
no attempts were made to examine the transport of CO

through "Silastic" under reduced pressures.

R
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b. Results and Discus sion

Table 7 shows the results of the labeled
‘release experiment conducted under a:mbienf ter.restrial con-
ditions. Only about a 10% loss in signal was noted with the
"Silastic'" membrane after the initial one hour period of
incubation and a total of only 18% loss was observed over the
total two hour course of the experiment. The results pre-
sented in Figure 10, similarly, are very encouraging. Only
very slight loss of water was observed with the ”Siléstic”
covered planchets in three-quarters of an hour while complete
loss occurred in the open planchets during this same period.
The experiment conducted under Martian pressures again
demonstrated the ability of the semi-permeable membrane
to substantially reduce the rate of evaporative loss of water.
Although this experiment was only semi-quantitative in nature,
due to the difficulties involved with performing manipulations
under vacuum, the rate of loss of water thro{lgh "Silastic”
membrane did not appear to be substantially greater under
a pressure of only 10 millibars.

These experimental results are very encouraging and
indicate the applicability of "Silastic' membrane to. the
AMML. This. membrane may be used to prevent excessive
losses of water in experiments requiring the collection

14
and measurement of evolved COZ’
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C. Light Fixation-Dark Release Experiment
1.  Introduction

In the light fixation-dark release experiment
(LF-DR), soil samples are incubated in the light and in the
dark with labeled carbon dioxide. The soils are then placed
in the dark at the end of the incubation period and the release
of 14COZ measured. The difference in 14COZ produced by
the light and dark incubated soils during the dark release
period 1s a measure of the photosynthetic activity of the
samplé. The amount of 14ECOZ evolved by the dark incubated
soil above that evolved by a steriie, control soil serves as a
measure of the light independent fixation of 1AJECOZ by soil
microorganisms,

This life detection sche_:rne has an inherent advantage
in that the introduction of potentially alien or inhibitory
chemical compounds to the sample is not required. The
test may be conducted under ambién’«i conditions with no
added moisture. The use of 14(302 will not stress the
organisms as the Martian atmosphere is composed primarily
of carbon dioxide. In addition, it is highly probable that, if
life exists on Mars, the organisms will fix carbon dioxide

from the atmosphere.

-~
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2. Experimental Resulis
Most of the early LF-DR tests were conducted
in 10 ml Erlenmeyer flasks which had been modified by the
addition of a 0.5 ml center well, The soil samples were
introduced‘into the main compartments of the flasks and 1. 0
uCi of NaHMCO3 in 0.25 ml of solution added to the center
wells., Labeled carbon dioxide was then generated by the
addition of 0,1 ml of 1 Zﬁ hydrochloric acid to the center
wells, The flasks were stopped immediately and exposed to
the selected light conditions for the desired incubation period.
Earlier work with éterile soils. had indicated that non-
" biological fixation of 14(302 could sometimes contribute to
a high background and .1nask the bioloéical signals. In order
to reduce the magnitude of the nénbioloéical background, a
15 minute air flush of the flasks was used followed by a one
hour period in Which the flasks were capped with barium
hydroxide saturated pads contained iza inverted planchets.
All flasks were then placed in the dark and gettered for the
prescribed periods with basic pads.
Results obtained on a natural soil using the modified
10 ml Erlenmeyer flask are shown in Table 8.  The total

dark release signal collected in three hours from the light

Q«

21




BIOSPHERICS INCORPORATED

Light Fixation-Da

Table 8

rk Release Experiment Conducted

in Modified 10 ml Erlenmeyer Flasks

Dark Release Period
(hours)

0=1
1-2

2-3

Assay Conditions:

sample
temperature
illumination
isotope
flush

Responses (cpm)

g
o

Autoclaved Empty

Light Dark Control Flask
443 295 46 52

603 420 86 94 |
2414 633 144 145

1. 0 natural soil

25°C

300 foot candles for four hours
0.28 ucCi '*co,

15 minutes with air followed by one
hour of gettering
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incubated soil was about three times that of. the dark
incubated soil, indicating a significant level of photosynthetic
activity. The total signal from the dark incubated soil was
about four times that of the a\;toc].aved control soil. It was
found that marginal photosynthetic signals could be obtained
within a three hour dark release period from a variety of
soils,

After this early success, a number of soil samples were
examinéd which gave significantly larger nonbiological back-
ground values using the procedure and apparatus described
above. After some experimentation, a secoﬁd exposure

/

chamber was devised>which allowed for a transfer of the soil
sample following the incubation period with 1A‘cCOz. The new
chambers consisted of 3/4 inch OD glass tubing, two inches
in height. The bottoms of the chambers were sealed with
aluminum foil covered rubber stoppers. The tops of the
light chambers were sealed with glass cover slips lubricated
with silicone stopcock grease and the dark chambers were
sealed with inverted planchets. Disposable cuvets,' cut to

fit the chambers,were used to hold the radioisotope solution

and for the generation of 14(302 with 18N sulfuric acid., After

the light exposure period, the soils were transferred to

¢
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aluminum planchets for the dark release portion of the
experiment. The soil planchets were gettered by covering
them with inverted planchets containing filter pads impreg-
nated with saturated barium hydroxide solution.

Examples of experimental results obtained using the
soil transfer technique are shown in Figures 11 .and 12.
Figure 11 shows the assay of a local garden soil while
Figure 12 demonstrates the effect of added water upon the
photosynthetic response from an arid soil. A number of
soils were assayed in this manner and produced positive
photosynthesi.s responses.

D. Detection ‘of Phospl;ate Metabolism

1. Introduétion

As proposed for this program, the depletion of

phosphate-phosphorus (PO4-P) from liquid growth medium by

"simulated Martian microorganisms'' has been investigated
as a life detection method. This method entails periodic
phosphate measurements on aliquots of the AMMI: medium
to follow the uptake by the extraterrestrial oz:gani.sms.
Experience with terrestrial microbial populations has led
to a desired minimum detectable PO4~P uptake of about 0.5
ppm. The low level of uptake postulated places severe

restrictions on the phosphate analytical method and upon the

J

8
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phosphate concentration of the medium in order that a favorable
signal-to-noise ratio (S/N) can be obtained from this experiment.
The signal in this case refers to the difference between the
phosphate level of the medium containing the sterile control
soil and the medium containing ﬁhe test soil. The noise then
refers to the phosphate level JL'e:mainiJa(;jr in.the medium con-
taining the test soil. In order to measure an uptake of 0.5
ppm PO4~P, an analytical method is required which has a
sensitivity of at least 0.2 to 0.3 ppm. The S/N will be un-
desirably low at initial PO4—P concentrations of above 3 ppm
in the AMML medium, as suxﬁing the minimum uptake of

0.5 ppm. An initial PO4»P concentration of 1 ppm was
selected for the medium as this will.give a S/N of 1, again
assuming the minimum uptake. This .requiremen’t is com-
plicated by the possibility that the soil inoculuﬁl may contain
large amounts of soluble phosphate and therefore place the
life detection scheme into a relatively insensitive area of
operation. Should this occur, alternate procedures such as
dilution of the suspension, reinoculation of fresh medium
with a smaller amount of soil, or filtration to remove soluble
phosphate followed by resuspension of the soil in fresh
rﬁedium would be required.

A colorimetric and a radioisotopic phosphate analytical
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method were studied and research performed to modify these
procedures for application in the AMML instrument. Com-
parative studies were made of the results obtained on soil

extract by these two methods. Biological experimentation

with soils simulating the instrument operation was conducted

in the laboratory usiﬁg both phosphate assay methods. Phos-
phate uptake experiments were performed with algae in low
phosphate medium and the photosynthetic nature of this up-

take was discovered as is described subsequently. It is

on the basis of this discovery that we now recommend examination

35

for a photosynthetic componeﬁt in the 14C and 775 uptake, ATP

production, and PO -P uptake life detection schemes. If con-

4
ducted in this manner, the AMML instrument will determine
the light dependent properties of each of the five proposed
experiments.

2. Chemistry

a. Colorimetric Determination of Orthophosphate
as Molybdenum Blue

The molybdenum blue colorimetric method (7)
for the determination of orthophosphate was selected for study
here as it is one of the most thoroughly investigated and widely
used methods available today. In addition, this method is

relatively sensitive and generally free from serious interferences.
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The method is based upon formation of moylbdenum blue by

reduction of the phosphomolybdic acid complex. The

analytical procedure developed for use in the laboratory is

described below:

Reagents:

1.

Ammonium Molybdate Solution - a 10%
aqueous solution of (NH4)6M07OZ4. 4HZO
is diluted with three volumes of 50% sul-
furic acid.

Stannous Chloride Solution - 400 mg of
SnClZ. ZHZO is dissolved in 100 ml of
10% hydrochloric acid (prepared fresh
daily).

Phosphate Standards - A stock solution
containing 4.3916 g/1 (1000 ppm PO4—P)
is prepared and a few ml of chloroform
are added as a preservative. Dilutions

down to 1 ppm may be stored in a

refrigerator.

Procedure:

L.

Add 10 ml of sample or standard to the

assay tube.

63




BIOSPHERICS INCORPORATED

2. Add 0.2 ml of ammonium molybdate
reagent and mix thoroughly.

3. Immediately add’ 0.2 ml of stannous
cllléride reagent and mix thoroughly.

4, After 12 to 15 minutes at room tem-
perature, read at 690 nm in a 13 mm cell
égainst a reagent blank.

A typical standard curve is shown in Figrure 13, The .lilnit of
sensiti‘vity of this method is about 0. 05 ppm PO4~P. The
sensitivity may bé increased by the use of a' longer light
path. The standard curve begins to deviatevfron.n linearity

at about 2 ppm PO4—P.

1) Interference of EDTA with the Colorimetric
Phosphate Assay

Initial studies on the uptake of phosphate by
green algae grown in defined algal medium showed anomalous
results. An investigation of the cause of the discrepancies
noted was undertaken and it was found that the chelating agent
used in the Chlorella medium interfered with the formation of
the phosphomolybdate complex in the assay. A study was made
to determine the magnitude of this problem in light of the
possibility that chelated metals may be indicated for the AMML
medium finally selected. |

Phosphate standards were prepared at levels up to
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0.3 ppm PO -P in distilled water andkin 10"3, 10"4, and 107° M
ethylenediaminetetraacetic acid (EDTA). These solutions
were then analyzed by the molybdenum blue colorimetric method.
The results of this experiment are presented in Table 9.
These results show that, at the phosphate levels studied here,
interfefences by the EDTA just begin to become noticeable
at a concentration of about 10"% M. EDTA levels above this
concentration will interfere more severely. However, a
quantitative relationship exists-between phosphate and the
optical density at 690 nm even in the presence of interfering
amounts of EDTA. It is possible to circumvent this inter-
ference, at least in the presence of moderate amounts of
EDTA, by preparing the phosphate analytical standards in
medium rather than in distilled water. Xrauss medium,
optimal for several photosynthetic organisms, has an EDTA
concentration of only 1.8 x 10_4 M and will present no
analytical problem if this technique is employed.

2) Colorimetric Phosphate Analyses of
Soil Extracts

The AMMIL media (Table 1) contain as
much as 100 ml of a soil extract per liter of medium. These
soil extracts were prepared by autoclaving a soil-water sus-

pension. The extracts were then filtered prior to addition
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Table 9

Molybdenum Blue Colorimetric Assay

for Orthophosphate

PO4—P Recovered

67

EDTA

(mg/1) _ (M)
0.1 107°
0.2 107>
0.3 107°
0.1 107"
0.2 1074
0.3 1074
0.1 1072
0.2 1072
0.3 1072

(mg/1)

0.100

0.200

0.300

0.100

0.198

0.292

0.079

0.238

(%)
100
100

100

100
99

97

79

79
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to the medium. Several soil extracts were prepared and
phosphate standards made up in solutions containing a
final concentration of 10% extract. These phosphate
solutions were then assayed by the molybdenum blue colo‘r~
imetric method in order to test for interferences in the
AMML medium as a result of the addition of soil extract.

The results of this experiment are shown in Table 10.
The analyses were satisfactory up to a level of about 0.3 ppm
PO4—P and deteriorated rapidly above this concentration.
As a result of this study, all phosphate solutions containing
soil extract were diluted below 0.3 ppm PO4-P prior to»
colorimetric assay. Additional research, perhaps the
introduction of an ion exchange resvin prior to color development
or a higher concentration of color reagents, is required to
expand the useful range of this assay on solutions containing
soil extracts. Although it is anticipated that further
experimentation will resolve theée analytical problems, a
working system involving automated dilutions could be devised
for the AMML instrument which would circumvent the inter-
ferenges described here.
b. Radioisotopic Assay of Orthophosphate
The radioisotopic modification of the

procedure of Sugino and Miyoshi (8) was selected for study
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Table 10

Interference of Soil Extract with the Molybdenum Blue
Colorimetric Assay for Orthophosphate

PO -P Found

4
: Extract 1 Extract 2
Sample mg /1 % Recovery mg/l % Recovery

10% Soil Extract 0. 054 - 0. 040 -
10% Soil Extract +

0.1mg P/1 0.144 90 0. 141 101
10% Soil Extract +

0.2 mg P/1 0.239 93 0.217 89
10% Soil Extract +

0.3 mg P/1 0.335 90 0.313 91
10% Soil Extract +

0.4 mg P/1 0.358 76 0. 420 95

10% Soil Extract +
0.5 mg P/1 0. 441 77 - -
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as this method is especially compatible with the AMMIL,
instrument. In addition, the method appeared to offer the
ad{ran’ta.ges of simplicity and adequate sensitivity. The method
is based upon formation of the 14C—triethy1arﬂine analog of
the well known ammonium phosphomolybdate precipitate |
which has been widely used for the gravimetric determination
of phosphorus. The radioactive precipitate is then filtered,
washed, dried, and counted. These four unit operations are
integral parts of the AMML system already in use in other
life detection schemes.
The procedure used in laboratory experiments and

proposed for the AMML instrument was as follows:

To 1 ml of sample solution is added 0. 05 ml of

4N perchloric acid, 0.25 ml of 0. 08 M ammonium

molybdate((NH ) Mo_O 41—120), and 0. 05 ml of

47T 24

14
0.8 M  C-triethylamine hydrochloride (TEA.HCI1),
5 uCi/ml.

This suspension is mixed and allowed to stand for two minutes

prior to filtration through a 0.45 u microbial filter. The pre-

cipitate is rinsed with 1 ml of the wash solution described below:

10 ml distilled water
- 0.5 ml 4N HClO4
4)61\/107024. 4HZO
0.5ml 0.8 M TEA.HC1 (unlabeled)

2.5ml 0.08 M (NH
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The filter is then dried and counted. Results are read off of

a standard curve prepared in a similar manner. A typical
staﬁdard curve prepared early in the program is shown in
Figure 14, The curve appeared to be linear in the range from

0 to 60 ppm PO4-P, but the sensitivity (approximately 150 cpm/
ppm PO4—-P) was not adequate. Curves of this type pointed up
a nu‘rnbber of problem areas and further experimentation was
undertaken to i1ﬁprove the assay.

1) Analytical Method Development for the
Radioisotopic Phosphate Assay

Several techniques were studied in an
attempt to improve the radioisotopic assay method for ortho-
phosphate. A number of filter types were studied to test their
ability to retain quantitatively the 1a1_oeled precipitate and for
their ability to pass the dissolved 14C—=TEA so as to have aé
low a background as possible. A significant improvement in
the filterability of the labeled precipitate resulted from incor-
poration of a two minute aging period between final mixing of
the sample plus reagents and the filtration step.

The results of an early experiment conducted to study
the retentive ability of glass fiber filter mats and 0.45 u

Gelman cellulose acetate membrane filters are shown in
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Table 11, Iﬁ this experiment, the phosphate was pr-ecipitated
with unlabeled reagents. lThe precipitates were thken filtered
on the selecteC:i filter materials and then washed in the manner
presclribed by the radioisotopic method. The triethylamllloﬁium
phosphomolybdate precipitates were dissolved off of the filters
with dilute anunonia‘and the recovered phosphatel measured
using the molybdenum blue colorimetric procedure. These
results demonstrated that both types of filters have adequate
retentive properties. However, this experiment did not
measure the amounts of radioactivity retained by‘ the filters
which was not ;';Lssoqiated with phosphate. Later experiments
proved the glass fiber filter mats to be unsatisfactory as a
lower sensitivity was obtained when labeled precipitate was
counted on this material. This was probably caused by pene-
tration of the labeled precipitate below the surface of the
filter.

Several different filter types were studied for their
ability to pass the soluble rradioactive reagents not associated
with phosphate. The results of this experiment are shown in
Table 12. The low background levels obtained with the Teflon

filters were very encouraging. However, later experiments

3
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of the filter. The results shown in Table 13 demonstrate that
.this manual technique was effective both in quantitative re-
covery of the precipitate and in lowering the background level.
However, the manual procedure was abandoned after a number
of tests were run as the method could not readily be incor-
porated into the automated instrument. Later advances
described in the next paragraph compensated for abandoning
the manuai procedure,

Several wash procedures have been evaluated for the
removal of non-specifically bound isotopic label. While all
procedures tested tend to lower background activity somewhat,
.no single method is particularly effective. Attempts at pre-
saturating binding sites on the filters \;vitll unlabeled TEA
have been made and these results are shown in Table14. An
improvement of about 50% resulted when the membrane filter

lZC—TEA. Table 15 shows the effects

was prewet with 0. 04 M
of prefiltration of the reagents through a 5.0 u membrane fil-
ter prior ‘éo‘use in the radioisotopic assay. lThe first filtration
reduced the background by 50 to 60% while the second filtration
was essentially without effect,

The two minute aging period for formation of the labeled
precipitate, prefiltration of the reagents, and prewetting of

N\

the 0.45 u Millipore cellulose acetate membrane with 0,04 M

12C~TEA filter have been incorporated into the final procedure
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Table 11

Retention of Triethylammonium Phosphomolybdate
Precipitate by Glass Fiber Filter Mats and by Gelman
Cellulose Acetate Microbial Filters

PO4—P Standard | Volume Filtered Filter Type Recovery |
(me/1) T | | %)
0 1.0 Glass Fiber -
0 1.0 Microbial -
5 1.0 Glass Fiber 89
‘5 0.5 Glass Fiber 98
10 _ 1.0 Microbial 105
50 1.2 Glass Fiber 99
50 1.0 Microbial 105
‘100 ' 1.0 Glass Fiber . 98

100 1.0 Microbial 103
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Retention of Rad

Table 12

ioactivity by Candidate Filter Materials

for the Radioisotopic Phosphate Assay

ats

. ~ Activity Retained + 07 Retention
Filter (cpm) (%)
0.45 u cellulose acetate 157 + 19 0.14
5.0 u polyvinyl chloride ZOO + 105 0.19
.Teflon - 500 P 78 + 34 0.08
Teflon - 500 PA 44 4+ 6 0.05

* The values reported are averages of three replicate

determination

Assay Conditions:

1.0 ml
0. 05 ml
0.25 ml

0. 05 ml

s corrected for background.

distilled water
4N HC1O4

0.08 1\{14(1\1}14)61\/107024. 4H,0
0.8 M C-TEA, 5 uCi/ml
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showed that both the 500 P and 500 PA filters did not quanti-
tatively retain the labeled precipitate. The range of pore
sizes of the Teflon filters was very wide and ranged from 10
to 50 u. Unfortunately, Teflon filters with the smaller pore
sizes required to retain the precipitate are not presently
available for study, but it appevars that they might resolve
the high background problem. Several brands of O 45 u
cellulos.e acetate membrane filters were studied and
appeared to be roughly equivalent in their performance.
Stainless steel filters were also studied, but did not per-
form as well as the cellulose acetate filtez"sA.

In using the membrane filter holder assembly in the
usual manner, the edges of the filter‘were held between the
sintered glass filter support on the bottom and the rim of
the glass funnel on top. It was felt that perhaps radioactive
material in the solution was wetting this protected area and was
not subsequently removed during washing of the radioactive
precipitate. An experiment was conducted in which the
funnel Was removed and not used during the filtration or
the subsequent wash step. The suspension to be filtered
was carefully placed onto the filter so as to effect a quanti-
tative transfer. Similarly, the wash solution was carefully

applied so as to minimize losses yet wash the entire surface

6
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Table 13

Effect of Filtration Method on Background Radioactivity
' in Radioisotopic Phosphate Assay

Cellulose Acetate

e
b

Phosphate Level Filter Pore Size Radioactivity Retained i;V(cpln)
(mg PO4~P/1) (u) 4 Standard Filtration Manual Filtration
0.0 0. 45 -162F+_ 25 1+ 2
0.5 0.45 302 + 30 206 + 20
0.0 5.0 132 + 17 88 'i 21
0.5 5.0 275 + 34 248 + 32

% The values reported are the averages of six determinations
corrected for background




BIOSPHERICS INCORPORATED

Table 14

Effect of Prewetting Filter * with Unlabeled Reagents
Upon the Non-Specifically Bound Radioactivity

+  skek
Prewetting Solution Activity Retained — ¢~ Retention
(cpm). A (%)
None 157 + 19 ~ 0.14
Water 229 + 15 \ 0.20
12 .
0.04 M ""C-TEA 84+ 9 0.08
12
0.8 M ""C-TEA - 103 + 45 0.10

* Millipore, cellulose acetate, 0.45 u membrane filters were
used in this experiment.

*% The values reported are averages.of five replicate
determinations corrected for background.
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Table 15
Reduction of Background by Filtration of Reagents

Prior to the Radioisotopic Assay

Radioactivity (cpm )>.<>‘<

Phosphate Level No Filtration - 1st Filtration 2nd Filtration
(mg PO4~P/U ’ '

0.0 207 92 89

0.2 286 176 185

0.5 - 422 306 293

V3
bis

Each of the required reagents were filtered through 5.0 u
membrane filters as indicated.

® aleats

%% The Vaiues reported are the averages of triplicate determinations.
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for the radioisotopic measurement of orthophosphate. Standard
curves were prepared using the finalized procedure and are
shown in Figures 15 and 16. Figure 15 demonstrates a limit of
sensitivity about 0.3 ppm PO4—P, however, the precision
shown here is not altogether satisfactory and further study

is needed to improve this method.

2) Simplification of the Radioisotopic Assay
Method '

Experimentation was conducted in order to
simplify the radioisotopic i)ho'sphate assay procedure for
incorporation into the AMML instrument. A new procedure
was developed which incorporates the precipitation reagents

into a single solution prepared as described below:

1.0 ml 4N HCIO4

5.0 ml 0.08 M (NH4)6M07024. 4HZO
0.8 ml 0.8 M TEA,HCI

3.2 ml distilled water

A slight precipitate forms immediately upon mixing these solutions.
This may be removed by filtration or by centrifugation at 13, 000XG

for five minutes. A second precipitate will form in the combined

reagent after storage for several days. The reagent should be

filtered through a 0.45 u or 5.0 u membrane filter just prior

to use in the assay. The employment of a single combined reagent
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in the instrument would considerably simplify the operation
over that required to add three separate solutions to the
phosphate sample.

The precipitation.reaction was conducted using the
combined reagent in a syringe comparable to the mechanism
in the current AMML design. A sample of 0.5 ml of phos-
phate standard and 0.5 ml of combined reagent was mixed
in a 2.5 cc disposable syringe and the resulting suspension
was injected through a 0.45 u Gelman membrane filter.'
The syringe was then filled with one ml of wash solution to
clean the syringe and rinse the precipitate and filter pad.

- The filters were then assayed for radioactivity. The
experiment presented in Figure 17 sho;ws abcomparison of
results obtained using the combined reagent and the usual
laboratory procedure involving the preparation énd addition
of three separate reagents. Comparable results were
obtained wusing these two techniqueé for the radioisotopic
measurement of phosphate. |

3) Radioisotopic Analyses of Soil Extracts
for Phosphate

An extensive investigation was conducted to
determine the applicability of the radioisotopic phosphate assay

to the AMMI, instrument. RM9 and water were inoculated
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W;U:h soils and allowed to stand for 24 hours, approximating the
aqueous growth chamber of the instrument. Aliquots of the
baqueous supernatant were then filtered and anaiyzed using
the radioisotopic method. Colorimetric assays were per-
formed simultancously to provide a standard value for com-
parison.‘ As previously recom?nended, the aliguots for
colorimetric analyses were diluted to give an optical densij;y
below 0.3 in ordef to ensure accurate measurements. Some
of the analytical values obtained are reported in Table 16.

The results in Table 16 show that the radioisotopic

phosphate assay method is not generally applicable to the

analyses of soil extracts. The radioiso’ccspic method gave
results considerably higher than the colorimetric procedure
in most cases. The agreement between the two methods was
very good. with several of the soils. In general, the agreement
between the methods was better for the water than for the RM9
mediﬁ}fn. This indicated that the bsoil extract in the medium
was contributing a positive interference to the radioisotopic
method.

Considerable research is required to adapt the radio-
isotopic method for use in the AMML. In addition to the
problems discussed previously for marginal sensitivity

and precision and a high blank level, there is a serious positive
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8¢

Table 16

3

Analyses of Soil Extracts for Phosphate l

g Soil/ PO4~P Found (ppm)
Soil 50 ml Medium Radioisotopic Colorimetric
Death Valley 0.5 RM9 1. B 0.1
" " 0.2 H_O 0.5 0.1
2
JPL #100 0.5 RM9 2,2 0.9
% om 0.5 H O 0.6 0.7
JPL #120 0.5 RM9 2,2 0.9
L i 0.5 H O 0.6 0.5
2
JPL #121 @.5 RM9 3.1 1 2
W " 045 HZO 1.2 0.9
North Carolina 0.5 RM9 0.2 0.1
T H 8.5 H O . 5 0. 5
2
& L 2.0 RM9 0.5 0.2
1" L 2.0 H O 1.0 1.0
2
Chilean #259 0.5 RM9 3.0 10
0.5 H O 0.5 0.2
2
Chilean #271 0,5 RM9 1.1 1.0
0.5 H O 0.6 0.2
2
Indiana 0.5 RM9 0.8 0.6
0.5 H_O 0.6 0.6
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Table 16 (continued)

POy-P Found (ppm)

g Soil/

50 ml Medium Radioisotopic
2.0 RM9 2.7
2.0 H O 4.2

2
0.5 RM9 1.7

. b .

0 HZO 1.5

0.5 RM9 0.1

0.5 HZO 0.6

1.0 RM9 0.1

1.0 H O 0.9
2

Colorimetric
2.4
4.2
1.4
1.5
0.0
0.7
0.1

0.9

Indicated weight of soil was placed in 50 ml of RM9 or water
and allowed to extract for 24 hours.

Phosphate assays were
performed after the extraction period.
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interference to the method extracted from soils by aqueous
media. The use of a cationic exchange resin to remove
interfering positive ions is one possible approach to this problem.
3. Biology
a. Introduction
As discussed earlier in this section, the phos-
phéte uptake life detection scheme requires that the extra-
terrestrial microorganisms be placed in a low phosphate
medium in order that a limited uptake can be measured with
some degree of sensit_ivity . The biological investigations con-
ducted for this 4 phase of the program consisted of experiments
. designed to study the effects of low phosphate media upon the
growth of algae, the uptake of phos‘pha;te by algae, and the
uptake of phosphate by soil microorganisms.

b. Effects of Low Phosphate Media Upon the
Growth of Algae

i) Experimental Results

The growth of Chlorella sorokiniana, Chlorella

vannielii, and Chlorella vulgaris was compared at 27° and 39°C

in a low phosphate AMML, RM9, and in Krauss Chlorella
medium. The results are shown in Figures 18, 19, and 20,
respectively. The figures show that, generally, the growth rate

of Chlorella levels off sometime after 72 hours in the low phosphate
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medium. However, until at least the 72nd hour, growth in
the low phosphate medium was always at greater than 50% of
that in Kraussl medium. This result is highly encouraging
from the standpoint of suitability of RM9 for the aqueous
growth charnbér in that it is unlikely that the AMML will
be deéigned to obtain data for more than 72 hours unless
more medium is added.

In a continuvation of this research, a second experiment

was conducted in order to study the effects of a low phosphate

medium upon the growth rates of photosynthetic microorganisms.

For several weeks prior to the experiment, cultures of

Chlorella sorokiniana, Chlorella vannielii, and Chlorellas

vulgaris were maintained under normal growth conditions.
Transfers were made to fresh Chlorella medium every 72
hours. At the initiation of the experiment, 5 ml inocula of
these cultures were transferred to 50 ml portions of fresh,
sterile, Chlorella medium prepared with the omission of phos-
phate. The composition of this medium is shown in Table 17.
The growth of the organisms was followéd by measuring the
increases in turbidity. At 72 hour intervals following the

initial inoculations, 5 ml aliquots of each culture were
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Compound

KNO
3

Mg SO4. TH,O

2
Na Fe EDTA

Naz Mn EDTA

Naz Co EDTA

Na., Zn EDTA

2

Na2 Ca EDTA

Naz Cu EDTA

Table 17

Composition of Basal Chlorella Medium-~Phosphate Depleted

Concentration

1000

250
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transferred to fresh, sterile, phosphate-free medium. The
transfers were continued at 72 hour intervals until no
further growth was obtained. The results of these experiments
are shown in Figures 21, 22, and 23. In each case, a decrease
was noted in growth rate of the algae with each succeeding
generation. However, it is most significant to note that a

r
high rate of growth was maintained for several generations
in a medium of drastically reduced phosphate concentration.
Microscopic comparisons of the normal stock algal cells with
the phosphate-starved organisms showed no strikingly
apparent differences in morphology. The microscopic
examinations were made under 400X phase contrast and
1000X oil-immersion phase contrast.

A similar experiment was conducted with Chlorella
sorokiniana grown in RM9 medium containing about 1 ppm
PO4—P. These results indicate that photosynthetic micro-
organisms grown under normal physfiologic‘al conditions
maintain the capacity for rapid growth for up to five gener-
ations in a low phosphate medium.

2) Discus sion
The results of the biological experimentation

conducted on the growth of photosynthetic microorganisms in
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low phosphate media have been extrelﬁely encouraging. The
organisms studied maintained their ability to grow at
satisfactory rates for many generations in low phosphate
mediuvm. Even in eS'S entially phosphaté-iree medium, the
algae were able to grow at rapid rates for several generations.
No marphological differences could be demonstrated between
normal algal cells and »phosphate starved organisms, '

As a result of these studies; it is believed that a growth
medium of very limited inorganic phosphate content will be
acceptable for the aqueous groxyth chamber of the AMML.

c. Phosphate Uptake by Algae
1) Introduction

The rates of growth and simultaneous uptake

of phosphate by pure cultures of Chlorella sorokiniana and Chlorella

vannielii were measured in low phosphate medium. The influence

of light upon the rates of growth and phosphate uptake were also
examined in these experiments. |
2) Experimental
Algal cells were grown as described earlier
in this report in any one of several growth media, \Cells were

harvested by centrifugation at 5000Xg for five minutes and the

pellet thus formed was washed three times with sterile, 0.1 M Tris
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buffer, pH 7. 0. Following the thli"ee»wash and centrif.uga;;’ion
cycles, the cells were suspended in 300 ml of the experimental
low phosphate medium and treated as per the experimental
protocol. RM9 medium containing about 1 mg/1 PO4—P was
used in these experiments. The cell suspensions were sub-
divided into the required number of light and dark incubated
flasks’ and suitable sterile controls provided, if required.

The flasks to be dark incubated were covered with alumi;lu:m.
foil to exclude ‘all ligh:c and placed in the light exposure chamber
so as to be at the s.ame temperature as the light flasks.

The growth rates of the Chlorella were followed using
optical density measurements as described previously. Phos-
phate determinations were made on filtered aliquots of the
test cultures using the molybde—num blue colorimetric
procedure. Generally, soluble phosphate and cell population
were measured simultaneously at the be‘ginning, at the end,
and at selected intervals >during the course of the experiments.

Phosphate uptake experiments were performed with Chlorella

sorokiniana and Chlorella vannielii in low phosphate medium.

3) Results and Discussion
The results of the experiment conducted

with Chlorella sorokiniana are shown in Figure 24, The growth
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of this organism is compietely light dependent in the medium
provided. Similarly, the uptake of phosphate by the organisms
was limited only to growing cellsk and occurred at a very high
rate duripg the first 24 hours. This initial sharp drop in

the phosphate concentration of the medium demonstrates

an advantage for this life detection technique from the stand-
point of short-duration experiments, Thus tﬁe change in
phosphate concentration at 24 hours was approximately 75%
comparéd to change of approximately 25% in

optical density over the same period. The results of the

experiment conducted with Chlorella vannielii are presented

in Figure 25, This experiment was of much shorter duration

but was sufficient to reduce the phosphate level of the medium

. to practically zero in one day in the light incubated culture,

and in two days in the dark incubated culture.

The growth rates of both species in RM9 was lower
than that observed when optimal Krauss medium was pro-
vided. However, these experiments have demonstrated that
the low phosphate RM9 medium employea here may be used
to provide a significant level of growth for photosynt;hetic
microorganisms in the AMMIL, Since the results obtained

with Chlorella 'vannielii grown on low phosphate media support
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the investigation conducted with Chlorella sorokiniana, we are

most encouraged to note the strikingkdifference in the rate of
phosphate uptake by photosynthetic cells when grown in the
light over that which occurs in the dark., This result is
espeéially inferesting when the history of the cells is con-
sidered. In both cases, the cell material used for the assay
was collected from laboratory cultures of the stréins under
standard growing conditions. One might thus safely predict
that the cells were in‘a physiologically active state, contain-
ing a level of en‘dogenous phosphate sufficient to satisfy growth
requirements. Earlier work on the uptake of phosphate by
bacteria (9) has indicated that cells grown in phosphate-free
media will tend to take up the phosphate very rapidly when
released from the starvation condition. However, in the |
cases demonstrated above, the rapid phosphate upt;ake by cells
under conditions where photosynthesis was occurring,

indicating a high state of physiological activity, leads us to

believe that the measurement of phosphate uptake could be

used to demonstrate photosynthetic activity in the AMMIL.

. In the light of this study, the recommendation has been made
~that all of the metabolic processes measured by the AMML
apparatus be examined under conditions of illumination and non-

illumination.
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d. Algal Phosphate Upté,ke in the Presence
of Organic Substrate
1) Introduction
Due to the facultativeAnature of most auto-
trophic é'rganisms, the study of their growth characteristics
is affected by the presence of organic compounds. With
this in mind, the following determinations of phosphate
utilization in the presence and absence of organic sub-
strates, in the light as well .as under no illumination, was
investigated.
| 2) Experimental
A suspension of rapidly growing Chlorella
vannielii was utilized as the test orgahism. From healthy
éulture of cells inblog phase, aliquots were harvested and
divided into experimental and control aliquots. Growth
cultures were prepared in RM9 medium as described in
the preceding section with 0.1% glucose added as a carbon
source. The basal iﬁorganic mediun’l utiliz.ed was that
described by Krauss (see‘Table 2) with carbonate as the
carbon source and without the chelated metal components.
3) Results and Discussion
The results are summarized in Figure 26,

It is observed that whereas the inorganic dark control showed

no uptake of orthophosphate over a period of 48 hours, the

10
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addition of glucose to the non-illuminated medium caused a
slow, but continuous, uptake of orthophosphate by C. vannielii.
Heterofrophic growth of this oréanis:m on glucose has been
well documented by a number of authors (>1 ). be1 the pre-

s;nce of light, the RM9 low phosphate mineral salts

medium showe(i a very low level of phosphate uptake. How-
ever, in the presence of an o—rganic substrate, a very high
level of activity was observed, with a complete disappearance

of the available phosphate within 24 hours.

e. Phosphate Uptake by Soil Micro-
organisms

1) Introduction
Having investigated the usefulness of
phosphate uptake as a life detection test for photosynthetic
microorganisms, application of this 1i;‘?e detection' scheme
to soil microorganisms was explored next. The limitations
placed upon the assay by introduction of soils having a high
soluble orthophosphate content and by interfering materials
extracted from the soils into the growth medium have already
been discussed. The problems caused by the slow rate of
leaching of phosphate from the soil into the medium are dis-
cusséd in this section.
2) Experimental
The general procedure employed for

conducting this tést in the laboratory was to inoculate 50 ml
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of RM9 medium or distilled water with amounts of soil varying
from 0.5 to 2.0 g. This suspension was stirred for about
15 minutés and an aliquot taken for an initial soluble
phosphate assay. The suspension was then incubated and
aliquots taken for assay at the prescribed time intervals.
The aliquots were filtered through 0,45 u Millipore cellulose
acetate filte'rsv prior to being aésayed for phosphate by the
molybdenum blue colorimetric procedure. The filtrates
were diluted, if required, to obtain an optical density no
higher than 0. 3. 'i‘his precaution was required to minimize
.interferences with the colorimetrig assay procedure.
3) Results and Discussion

The study of the leaching of phosphate
from sterile control soils is presented in Table 18. These
results show that a significant amount of solubilization occurs
in 24 hours and thus it would be pos sible’to have a substanﬁal
biological uptake of phosphate with no net decrease, or per-
haps, even a substantial increase, in the dissolved phos-
phate level of the medium. In order to circumvent this
problem, a sterile control soil Wiil be r-equired. for the
AMML and phosphate uptake can only be detected by
comparing the dissolved orthophosphate levels from separate
media inoculated simultaneously with sterile and viable soil

after identical incubation periods.
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Leaching of PllOSphafe from Control Soils

Table 18

ats

RM9

Soils indicated as
One soil was
Dissolved ortho-

109

Dissolved Orthophosphate
(ppm PO, -P)

Soil Inoculum Weight Medium Initial 24 Hours
~ (g)

Indiana Soil, Auto-

claved 0.5 RM9 1.0 1.4
neooo " 0.5 H,O 0.3 1.4
" 1 " 1.0 RM9 1.4 2.4
" " " 1.0 HZO 0.6 2.2
" " " 2.0 RM9 1.5 3.3
" " " 2.0 "H O 1.0 3.2

2
. Taylor Street,

Autoclaved 1.0 31\/19 1.0 1.3
" n 1.0 HZO 0.4 0.8
Washington, D, C,

Soil, Autoclaved 1.0 RM9 0.9 1.1
1 3]

1" Bard-Parker 1.0 1.3 3.8

% This experiment was conducted by inoculating 50 ml of the specified
medium with the indicated weights of soil.
autoclaved were heated for 15 minutes at 15 psig.
treated with 0. 75 ml of Bard-Parker germicide.

phosphate measurements were made on filtered aliquots of the
media at the specified time intervals. The PO -P concentration
of the RM9 medium was approximately 1 ppm.
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The results of biological phosphate uptake studies con-
ducted on a number of soil samples in RM9 medium are shown
in Tabie 19. Phosphate uptake was detected in a total of eight
out of 20 soils tested on the basis of a decrease of at least |
0.2 ppm in the solﬁble PO4—P level. This may very well
have been due to leaching of phosphate counterbalancing
microbial uptake in some cases. The introduction of a
phosphate analysis after four hours of incubation producéd some
interesting results, especially in the case of the RM9 medium
Which was inoculated with 1.0 g of Indiana soil. Phosphate
uptake would have gone undetected in this case were it not
for this analysis at an intermediate time period. Another
important piece of information which‘nlay be gathered f.:z"om
this experiment pertains to the size of soil inaculum used.
Results with the North Carolina, Indiana, and Taylor Street
soils show greatest phosphate uptake at an inoculum size
of 0.5 g, the lowest level studied.

E. 14C and 35S Uptake Expe;'irnent‘

1. Analysis
The basis of this life detection scheme is the
biological uptake of labeled carbon and sulfur compoﬁnds by

extraterrestrial soil microorganisms. Current recommend-

ations call for inoculation of RM9 + C + S substrates with
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Table 19
Phosphate Uptake by Soil Microorganisms in RM9 Medium

Dissolved Orthophosphate
(ppm PO4—P)

Soil Inoculum Weight Initial 4 Hours 24 Hours
Chilean Soil #259 . 0.5 1.0 - 1.0
n "o 4285 0.5 1.0 . - 1.3
" 42 0.5 1.0 - | 1.0
’ " 4266 0.5 L0 - 0.8
1 4268 0.5 1.1 - - 1.2
Death Valley Soil 0.5 0.9 0.9 0.1
JPL #100 0.5 1.0 0.9 0.9
JPL #101 ' 0.5 0.9 0.8 0.6

| IPL #110 0.5 ! 0.9 - A 1.0
JPL #113 0.5 o 9 . 0.9
JPL #114 : 0.5 1.0 . 0.9
JPL #115 0.5 0.9 - 0.9
JPL #118 0.5 1.0 - 0.9
JPL #120 0.5 - 0.9 - 0.9
JPL #121 0.5 1.0 - 1.2
JPL #123 . 0.5 0.9 o 0.5
North Carolina Soil 0.5 0.9 0.8 0.1

" " " 1.0 _ 0.9 0.6, 0.1
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Tablel9 (continued)

112

Dissolved Orthophosphate

Soil Inoculum Weight Initial 4 Hours 24 Hours
North Carolina Soil - 2.0 0.8 0.7 0.2
Washington D, C,. Séil 1.0 0.9 - 0.4
Indiana Soil - 0.5 1.4 1. 8 0.6
" " 1.0 1.6 2.6 1.5
" " 2.0 1.9 2.6 2.4
Taylor Street Soil 0.5 1.0 - 0.0
" " " 1.0 1.0 - 0.0
" " " 2.0 1.0 - 0.1
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soil in the aqueous growth chamber of the AMML. Periodically,
aliquots of this suspension will be removed and filtered. The
filters will then be washed, dried, and counted in order to
monitor the biological incorporation of radioactivity. If
the magnitude of the biological signal - that is, the combined
net uptake of 14:C and 358 by the soil microorganisms -
is low compared to the magnitude of the nonbiolc;gical signal -
that is, radioactivity retained by the filters ana fhe soil
particles tlélemselv,es - then the sensiti\/;ity of the assay will
suffer. Accordingly, experiments were designed to estimate
the magnitudes of the biological and the nonbiological signals.

2. Retention of Radioactivity by Microbial Filters

a. Introduction
A nﬁmber of different types of membrane

filters of pore sizes appropriate for the retention of micro-

358 uptake experirrients were examined.

organisms in the 14C and
Merﬁbrane filters manufactured by Schleicher and Scheull,
Gelman Corporation, and Millipore Corpox.'ation were studied.
io. Experimental
Three standard radioactive solutions were
prei)ared in RM9 medium, each containing a single labeled

substrate at the concentration normally used in the uptake

experiments. A solution containing 10 uCi/ml of 358 and




114

BIOSPHERICS INCORPORATED

3.4 mg/l sodium sulfate, a solution containing 1.3 uCi/ml of
%4C—D-g1ucose (U) and 50 mg/l of D~glucose, and a solution
containing 6.5 uCi/ml of 14C—formate and 20 mg/l of sodium
formate were prepared for this study. Eighteen filters were
set up for‘ each type of filter investiga',ted. One ml aliquots
of the 14C-glucose solution were passed through 'six of the
filters, 1 ml aliquots of the 14fC—fornnate solution were
passed through a second set of six filters, and 1 ml aliquots
of the 3.SS-su1fate s.,olution passed through the remaining

set of six. Two filters from each of the three ‘sets of six
were then dried and counted for radioactivity in the usual
manner. A second pair of filters from each of the three

sets of six was rinsed with 0.5 ml of RM9 medium containing

no radioactive substrates. The final pair of filters from

each of the three sets of six filters was rinsed with 5.0

" ml of the unlabeled medium. All filters were then dried

and counted. Bactiflex membrane filters from Schleicher
and Scheul}, Metricel filters from Gelman Corporation,
and HAWP filters. from Millipore CorpoAration were studied
in this experiment.
c. Results and Discussion
The results of this experiment are shown

in Table 20. The Gelman Corporation Metricel membrane
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Table 20

Retention of Radioactivity by Membrane Filters

14 - ~
C-D-Glucose (U) Solution (480, 000 cpm/ml) - 1 ml applied

e ale ats

Radioactivity Retained (%) o

’

Vol. of RM9 Wash Bactiflex Metricel . HAWP
(m1l) ’
0 1.20 1.67 2.53
0.5 0.14 0.34 0.33
5.0 0.29 0.19 0.24
14
C-Formate Solution (701, 900 cpm/m]l) - 1 ml applied
0 0.79 0.63 2.19
0.5 0.50 0.27 0. 80
5.0 0. 34 0.13 0.57

35
S-Sulfate Solution (1, 986, 000 cpm/ml) - 1 ml applied

0 2.03 1.60 2.09
0.5 0.55 0.70 0.24
5.0

0.14 0.16 0.27

% The applied radioactivity was estimated by evaporating to
dryness and counting replicate aliquots of each solution.

%% Xach of the values reported is the average of duplicate
determinations.
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filters appeared to retain a little less radioactivity than‘the
other two filter types studied here. In addition, the 5.0 ml
wash was shown to reduce the radioactivity retained to a
level below that achieved with the 0.5 ml wash. |

. 3. Retention of Radioactivity by Autoclaved Soils

a. Introduction

An experiment parallel to the one described

previously, was conducted to measure the nonbiological
retention of radioactive substrates by soils. Three soils
were studied iﬁ order to develop a washing procedure that
would result in a low nonbiological background. The Gelman
microbial filter was selected, on the basis of the previous
experiment;’:tl results, for use in this sfudy.
b. Exp‘erirnental

Soils from Indiana, Wést Virginia, and New
Jersey were investigated in this experiment. Each of the soils
were passed through a 200 mesh sieve and the absorptive
properties of thé s.ieved soils compared Wi.th those of the un-
sieved soils. The soivls were autoclaved, prior to use in the
experiment, at 15‘ psig for 20 minutes in order to remove
vegetative cells, The three Vradioisotopic solutions of
14

35
C-glucose, C-formate and S-sulfate made up for the

previous experiment, were diluted 1 to 4 with RM9 and used

116




11’
BIOSPHERICS INCORPORATED ‘

here. Cold substrates were added to keep each concentra‘ciqn
constant despite the dilution. G;alman Corporation Metricel
membrane filters of 1 inch diameter and 0.45 u pore size
were used for this experiment.

The sieved and unsieved soil samples from each of
the three soils were tested individually, making a total of
six samples tested. The general procedure followed is
described below. Three sterile test tubes‘ were set up for
each soil sampled studied. Ten ml of 1LJ:(Z—glucose solution
was a‘dded to the first of these three tubes, 10 ml of l4(3— ‘
formate solution was added to the second, ‘and 10 ml of 358—
sulfate solution added to the third tube. Kach of these three
:tubes was then inoculated with 100 mg portions of the soil
sample. A total of 15 membrane filtets were set up for each
soil sample; 1 ml portions of the C-glucose suspension
were passed through each of five filters, 1 ml portions of
the 1ljcC—fo:cnlate suspension were passed through a second
five filters, and 1 ml portions of the 358-sulfate suspension
were passed through the remaining five filters. Each of the
five filters, from‘the three sets of filters, was washed
with a specified volume of unlabeled RM9 medium. The
wash volurpes chosen for study here were 0,0.5, 1.0, 2.0,

and 5.0 ml.
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c. Results and Discussion

The results of this experimeht are presented
in Table 21 . A WAash volume Vof 1.0 ml of unlabeled RM9 medium
served to reduce nonbiological background to the lowest levels
attained here. Laarger volumes of wash solution did not
appreciably lower this background. The nonbiological back-
ground from sieved soils was about the same as the unsieved
soils after washing With volumes of 1 ml or greater. In
general, the formate is more difficult to remove than the
glucose, which is somewhat harder to wash off than the sul-
fate. Of course, this order of retention might be altered on
other types of soils. It should be pointed out that the figures
for ;‘etention of radioactivity listed in Table 21 include the
retention by the Metricel membrane filter. The filter
retains approximately 0.2% of the applied radioisotope for
each of the labeled compounds studied here.

On the basis of this experiment, two separate rinses of
the filter with 1 or 2 ml vblume have been recommended for
incorporation in the AMML. |

4, 146 and 355 Biological Uptake Experiment
A limited number of biological tests were initiated

having obtained an estimate of the total nonbiological background

1 35
in the C and S uptake experiment. The tests were con-
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Soil Type

West Virginia
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Table 21 (continued)

Vol. of RM9 Wash

Radioactivity Retained (%) '

e
=L

(ml)
1.
1.

2.

0.
0.
1.

1.

0
0

0

5
5
0

0

C-Formate

'4C—Glucose

358 -Sulfate

0.36

0.55

0.35

0.52

0.46

0.62

1. 39

2.32

0.62

0.51

0.55

0.55

.28
.47
.48
AT
.26
40
.86
.48
.53
.40
.34

.31

.48

.17

.51

.21

.37

.23

.83

.16

. 56

.47

.32

.29

0¢1
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Table 21 (continued)

ek

Radioactivity Retained (%)

Soil Type Sieved Vol. of RM9 Wash 14C—Formate 14cC-Glucose 355 -Sulfate
(ml)

New Jersey. - 2.0 ' 0.77 0. 30 0.27

nooow + 2.0 . 0,47 0.35 0.37

b " - 5.0 | ) 0. 64 0.28 0.55

" n + 5.0 0.31 0.27 0.50

% The results reported here are actually the total retention by 0.45 u Metricel filters

(Gelman Corporation) and the soil particles.

*% The applied radioactivity was estimated by evaporating to dryness and counting replicate
aliquots of each solution.
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ducted using a soil obtained locally. 'Soil treated with Bard-
Parker germicide was used for the controls. Three media
prepared in basal RM9 rnediﬁrn were used in these tests, one
medium contained the four l/—lC--OJa'ganic substrates, one con-
tained the 35S—sulfa’ce as substrate and the third contained
both 14C and 358 labeled compounds. Two sepafate 10 ml
portions of each of the three media were inoculated. To
one portion of each medium was added 100 mg of viable soil
and to the other was added an equal amount of soil containing
0.3 ml of Bard—ParI;er germicide. The suspensions were
mixed thoroughly and incubated on a shaker for five hours.
The entire 10 ml of suspension was then filtered, washed
several times with unlabeied RM9 basgl medium, dried,

and then monitored for radioactivity.

The results of this experiment are shown in Table 22.
Although the test signals are significantly higher than the
controls, even for the short incubation period of fivé hours
studied here, the lower limits of sensitivity were approached
in these assays. .A microbial population one order of magnitude
lower than that in soil‘ studied would not have yielded a detectable
signal. Additional research will be required to optimize the
biological signal and to reduce the nonbiological background

so that smaller microbial populations can be detected.

1272
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The Incorporation of 14

Table 22

C and 358 Substrates by

Soil Microorganisms

Medium

ats
=

Incorporated Activity (cpm)

123

14

C-Organics in RM9

(0. 3 uCi/mal)

358—Sulfate in RM9
(0.2 uCi/ml)

14 _
c-+3551n{%d9
(0.3 uCi/ml, “C +

0.2 uCi/ml °°s)

Assay Conditions:
Temperature

Basal Medium
Substrates

Inoculum
Activity

Control

Test Control

362 296

266 92

649 \ 386

25°C

RM9

sodium formate

D-glucose

Dl.-sodium lac-
tate

1

20 ppm
50 ppm

t

20 ppm
glycine 20 ppm
sulfate 31 ppm

100 mg soil-in 10 ml medium
0.3 uCi/ml total **C-organics
0.2 uCi/ml ~~S-sulfate

0.3% Bard-Parker Germicide

Incubation Period 5 hours

af,

* These results are the averages of triplicate determinations.
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F, Adenosine triphosphate (ATDP) Bioluminescence
Assay
1. Introduction
An experiment was performed to determine if
reaction products of the firefly bioluminescence reaction
remaining in the reaction chamber would interfere with the
subsequent assay for ATP. This experiment will give an
estimate of the effects of inadequate rinsing of the AMML
reaction chamber between ATP assays.
2. Experimental
The bioluminescence assay was conducted in
a laboratory instrument in 50 mm x 6 mm OD reaction cuvets.
A 0.1 ml portion of the ATP solution was injected into a
0.2 ml of reaction mixture in a cuvet positioned in front of
a photomultiplier tube. The experiment was conducted as
follows:

1. A1072 ug/ml standard solution of ATP
was a.ssaye’d in a clean, dry cuvet.

2. This same cuvet was emptied without
rinsing and a second assay performed
with fresh reagents.

3. This cuvet was emptied, rinsed with

0.3 ml of distilled water, emptied, and
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a third assay performed with fresh
reagents,
4. This procedure was repeated two
additional times starting with a
clean, dry cuvet each time.
5. This same experimental profocol was
followed to give triplicate assays with
10} ug/ml standard ATP.
3. Results and Discussion
The results of this experiment are recorded in

Table 23. The'responses recorded after emptying the cuvets
and after rinsing with distilled water were approximately
equal. This indicates that the reaction products of the ATP
bioluminescence reaction will not interfere with the sub-
sequent assay. Both of these responses, however, were
only 70% to 80% of the values obtained initially in clean,
dry éuvets. This was caused by dildtion of the reaction mixture
by liquid incompletely emptied from the cuvets. A pre-
rinse of t'he reaction chamber will be required in the
instrument in order to dilute out the first assay to the same
level as in subsequent tests. This prerinse might not be

required if the liquid hang-up in the AMML is not significant,
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Table 23
ATP Bioluminescence Assay - Interference of

Reaction Products

Responses (nanoamperes)

ATP Standard initial after emptying after rinsing & emptying
(ug/ml)

107 18.5 14,5 15.0

20.0 16.0 15.0

_ 185 _ 145 _ 135

x= 19.0 x=15,0 x=14.5

107 1.9 1.2 1.6

2.1 1.5 1.3

1.4 1.3 1.1

ol
1l
ot
[oo]
!
1
-
W
ol
1
ot
W
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IV. Engineering Development

A, Instrument Design Considerations
The engingering program was concerned with the
functional integration of the six biological experimental
measurements into a hybrid system. The program called
for the development of engineering feasibility apparatus
which would enable laboratory verification that the measure-
ments could be combined into a single system.
As m.entioned previously, the six experimental measure-
ments are: |
1. Sulfate uptake By the microorganisms in
the growth medium.
2. Phosphate taken up b}} these microorganisms
in the growth medium.
3. Assay for ATP.
4.,5. The heterotrophic assimilation of 14(3 from
labeled substrates with the .production of 14CCO‘2
and the modulation o% 14CO‘2 evolved in the
light and dark as evidence for photosynthetic activity.
6. T};'e phototrophic as sinﬁlafion of 1A}ECOZ by micro-
organisms in the light and subsequent release

in the dark.

The concept for the demonstration apparatus that combines
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‘these measurements is diagramed in Figure 27. The first
five measurements are performed in the aqueous growth
chambers that contain about one gram of the unknown '"soil"
sample and about 30 ml of nutrients that are labeled with
various 14C and 358 compounds, A trace quantity of phos-
phate is also included so that its consumption by the micro-
; orgénisms may be assayed periodically by a 14C triethy-
lamine precipi’cati‘on technique. The initial and subsequeﬁt
'.increases of adenoAsine triphosphate (ATP) in the micro-
organi’sms are assayed with t‘he firefly bioluminescence
technique.

The sixth experimental measurement examines a '"soil"
sample for the evolution (in the dark) of ! COZ that had been
previously photosynthetically fixed. This measurement
requires dry growth chambers.

The entire instrument system'is operated auto-
matically with a program controller/tele-typewriter tape~-
reader that allows the flexible programming of the detailed

operation of the experimental measurements.
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B. Hardware Development and Integration
The AMML.eXperinlental pfograﬁ involves two 5asic
types of measurements: the aqueous wet-chemistry measure-
rmen’cAs, and the gaseous evolution assays. The function of the
AMML is shown in the diagram of the overall instrument
(FigureiB) that consists of five basic componentsé the growth
chambers, reagent storage reservoirs, liquid transfer and‘
filtering mechanism, the detectors, and the automated pro-
gramming controller. The effort during this year has been
primarily directed toward solving those problems whi(;h
involve the integration of hardware for the three aqueous
wet-chemistry analyses and the development of a control
system to aufomatically perform this analysis. The hard-
ware which has been constructed and tested during this pro-
gram is shown in Figure 29 and described in the following:
1. The Growth Chambers
Two sets of growth chambers are used in the
AMML instrument. TﬁeSe sets consist of pairs of chambers -
one for the test measurements and the other for the controls.
The control chambers are configured identically to the test
chambers and are loaded with the same ingredients except

that the control chambers have an antimetabolite added also,
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5

- The final design of the dry growth chambers has not been
established as yet.
The aqueous media ‘growth chambers shown in the

photograph (Figure 30 ) contain 30 to 40 ml of a solution

of the 1abeled nutrient that is inocﬁlafed with 1 gram of "soil"
samples. Upon inoculation, the "soil' inlet is closed so as
to seél the chambers from further exchangé or loss to the
étmosphere as shown in Figure 3L 14£CO2 evolution by the
microorganisms in the media is monitored by use of getter-
type detectors so that both the heterotrophic and phototrophic
labeled carbon experiments can be performed.

Photosynthetic fixation is obtained by programming a
light source to illuminate the growth chambers with approximately
300 lumens. The pi‘ogram of light and dark cycles by the
present breadboard‘instrulnent is manual, »but will ultimately
be controlled by an autornafed system. The program calls
for the first hour (0-1) to be a light cycle, the second (1-2)

‘a dark cycle., Hours 2-4, 6-10 and 14-22 z;re further light
cycles and 4-6, 10-14, and 14-22 are dark cycles. Gas
analysis for 14COZ that is evolved is assayed at the end of
each light and dark cycle.

A magnetic stirrer and a Model RD074 circulation pump
manufactured Ey Extracorporeal Medical Specialties con-

tinuously mixes and re-circulates the aqueous solution in each of

33
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the growth chambers to encourage uniform dispersion of any
microorganisms. Outlets are provided in the re-circulating lines
so that samplesifor the wet-chemistry analysis may be obtained
periodicélly. The inlets to these lines are covered with a
coarse filter i(approxirnately 100 Ihicr011) and located near fhe
middle of the fluid level of the chambers to prevent silting and
clogging. Such a filtel; is required becauée of the small dia-
meter tubing which is used in micro liquid handling system.

2, Liquid Transfer and Filtering Mechanism

A syringe-type liquid transfer pump provides the basic

mechanisrﬁ for trénsferring the various aliquots of reagents and
aqueous solution from the growth chambers énd other solutions
that are required for the operation of the AMML instrument.
This mechanism is shown in the photograph in Figure 32. The
pump is designed to transfer a one milliliter aliquot of liquid
from one reservoir to another or to oﬁe of the experimental
reaction chambers with minimal retention of the transferred
liquid. The pump is combined with two multiple inlet micro
valves and a tape ~filter mechanism and is detailed in Figure‘ 33.

The two micro-valve manifolds are detailed in Figure 34
and the photograph in Figure 35, and are designated Valve
A and Valve B. Valve A is coupled. directly to the syringe

pump and giveé access to samples from the growth chambers

136
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Slide Valve Mechanism Details
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E

and to those liquids and reagents that must be brgﬁght into the
syringe pump before filtering.

A chalélgeable filter assembly is shown in Figures 36 and 37
below the Valve A block. This~mechanism is designed with
particular attenfion toward reducing the liquid retention or
hang-up that is accomplished by the use of a thin, porous filter
support under the filter (a 0. 010 inch thick porous teflon which
has 50% voids, supplied by Technical Fluorocarbons Engineering,
Inc.), a small active surface area apd head space over the filter
which is filled {xfith a disk of 200 ﬁesh stainless steel filter
cloth (0.005 inches thick).

Valve B and its manifold couples to thé channel below

the filter assembly. This valve gives access to a second set
of liquid resefvoirs and reaction volumes. All interconnecting
orifices, void volumes, and liquids channels in the valves, filter
mechanisms, and syringe are designed for minimal liquid re-
tention. The small retention volumes coupled with an operational
program scherr;e help to assure that'the subsequent liquid trans-
fers are not afféctéd_ by the previous liquid which was in the system.
‘ a. The Syringe Pump
| The syringe pump shown in the previous figures, is
an all-nylon device which is capable ;)f reproducibly transferring

one-milliliter aliquots. The plunger of the syringe uses
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BIOSPHERICS INCORPORATED

a double 0—1;ing seal to assure a low leakage when transferring
high viscosity fluids.

The pump is accuated with a 10 rpm drive motor. A single
detent cam is provided with two microswitches that identify -
the vtop and bottom positions of the plunger.

b. Slide Valve Mechanism

The slide valves which control the d.istribu;tion of
the 1iquid reagents require a uniqué positioning mechanism to
control their rﬁovernent in the automated prograrﬁ. This
mechanism \Vhiéh employs a single drive motor and clutching
arrangement is shown in Figure 38. . The motor powers the
clutches and only one is engaged at a time so as to couple the
lead screw of the sliding valves. Solenocids are connected
through a yoke that retains these clutches in their rest
positions until arcommand is received.

A new valve position is set through the use of a cam
and microswitch arrangement that ge?nerates a series of four
pﬁlses for each position change. These pulses are sent to
the programmer circuit where they are accumulated in a
binary registér t;hat is preset to overflow when it reaches
the desir‘ed‘ new position and then signals the controller to

discontinue its operation. The slide valve design minimizes
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Figure 38

View of Valve Positioning Drive System
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positioning errors caused by overshoot due to motor overtra}vel
and mechanical Vbacklash in the system, and it has been possible
to position each valve orifice to within . 005 inch (the valve orifice
has an I. D. of ., 017 inch). Details of the o-ring sliding valve
seal désign have been shown in Figure 34, The valves are made
of hypodermic tubing that is sealed to the face of the housing
with pressure from the dovetailed construction of the slider.
, Oﬂnly one outlet is connected at a tiine, and it is sealed to

the wall of the body of the valye with use of miniature o-rings.

c. Filter Transport/Dryer Mechanism
The filter that is'plaéed between Valve A and Valve

B (Figﬁre 39 ) is changed periodically as requirpd in the
operation of the measurement routiné. A mechanism to
perform this changing operation has been constructed and is
shown in detail in Figure 37. This mechanism uses a nylon-web/
filter-tape made of membrane or other material that is stored
on a supply reel and moved through the mechanism on guide
rollers to a take-up reel by a motor drive.‘ The guide rollers
provide the necessary tensioning and positioning action to keep
the tape accura.tvely located in its movement through the
mechanisrﬁ and also provide the means to meter the length of
tape b'eing.tranSported in each filter-change cycle. Metering

is accomplished with the use of a cam and microswitch that
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Figure 39

View of Filtering Mechanism
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is attached to one of the guide rollers,

During the liquid transfer, the filter tape is clamped
between Valves A and B by a solenoid that holds the two
valve assemblies together so that they seal the tape through
pressure on a pair of o-rings on each side of the tape as
detailed in Figure 34. During a filter-change cycle, the
solenoid is de-energized, and a spring releases the clamping
action to allow the tape to move freely between the valves,

After a tape section has been used for filtering, it is
transferred to the drying region. Here, hot air is forced
across the filter to drive out the moisture. The operation
of the dryer is controlled to apply sufficient heat to dry the
filter without overheating it.

The third position for the filter is a cooling region where
it is allowed to return to roam temperature.

The last active position before the filter tape is stored
on the take-up reel is the beta radiaf:ion detector. region. In
this. region, a beta-sensitive detector is located in close prox-
imity to the upper surface of the filter tape to assay the beta
radiation from the surface of the filter tape.

The filter~change cycle is accomplished by a command that
is received from the automatic program controller. The

mechanism is designed to operate automatically through its
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change cycle from this command by first deactivating the
clamping solenoid, secondly, activating the take-up reel motor,
thirdly, deactivating. the motor drive upon receipt of a signal
from the metering cam-switch, and fourthly, reactivating the
solenoid clamp and generating a cycle-complete signal to the
controller. |

3. Reagent and Solution Storage

. The problem of storing the various reagents and

solutions that are required for the operation of the AMML
breadboard has been met by use of a very simple scheme.
Various sizes .(?f standard disposable hypod‘ernqic syringe
barrels are coupled to the valve assemblies through 24-gauge
teflon tubing and standard disposable hypodermic needles.
This‘ scheme also provides a means to monitor the status of
the liquid transfers directly as the program proceeds. It
is not necessary to store large quantities of reagents and
solﬁtions for the operation of the breadboard instrument,
since these are prepared by manual techniques directly before
the instrument is tested.

In the case of a prototype AMML, it may be necessary
to provide pressurized storage reservoirs that are made from

materials that will stand the long term storage, sterilization
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cycle, high pressures, and chemicals without degradation.
Materials for these reservoirs have been considered in this
research program, and preliminary tests have been conducted
on a material similar to that used for the storage of blood
in blood packs. TableZ24 summarizes the requirements for
the various reagent and solution storage volumes.
C. Automatic Programmer Controller
1. Design Details

The complexity of the experimental apparatus
described above, coupled with a rrequirelnent for automated
operation of the various functions K required in this sytem,
creates a demand for a fairly intricate programming mechanism.
A spacecréft version of the programmer will no doubt take full
advantage of the advanced techniques that are presently avail-
able with large-scale, integrated circuits (LSI) for programming
t}‘xé AMML through the complex functions. Such a programmer
was far beyond the economic feasibility for the scope of this
Contract, so an alternate scheme was developed for the
demonstration apparatus.

A search of the various mulfipoinf switches and programming
apparatus' :foi‘ this type of applicator resulted in arriving at a con-
clusion that these were inadequaté. As a result of this search,
coupled with recent experience by one of us (W, A.L.),

a new approach was suggested which involved the use of punched
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Total Volume of Aqueous growth chamber
Volume of Aqueous medium
Number of assays from test Aqueous growth

chamber made at: 0, 1, 2, 4, 6, 10, 14,
22 and 30 hours

ATP ASSAY:

Enzyme

ATP Extractant

PO, ASSAY:
Triethylamine Reagent

355 4

46 assavy:

No special reagents required

Wash solution

% Note: If assays are made so as to control

chamber, this amount or number must

be doubled.

 Table 24

50 cm

30-40 ml™

36 ml*

108 m1™

Summary List of AMML Liquid Reservoir Requirements
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tape to store the program for the opel.;ation of the AMML. An
additional reason for using this rather than a '"wired programmer, "
was the flexibility it offered the experimenter as he determined

the optimal experimental program. A new program may be
obtained with this system by simply writing a new tape that
incorporates the changes.

An inquiry to several manufacturers of tape-readers resulted
in the selection of a unit manufactured by the Teletype Corporation.
Since a tape-punch was also required for the preparation of pro-
gram tapes, it was decided to purchase a complete M'odel TC33
Teletypewritef. This is described in Table 25.

A program was initiated to develop a compatible logic
package to translate the teletypewriter's output data into
control functions for the instrument's operation. AA simplified
block diagram of the teletypewriter/logic programmer is shown
in Figure 40.

Details of a step-by-step program for a typical
experimental cycle is shéwn in Figure 41 and Table 26, This
shows the conditions of each Valve., the syringe, anci the filter
changes. In each step of the operation, only one mechanism
is controlled at a time. Its operation must be completed and a

verification received before the programmer can proceed to the

192




BIOS PHERICS INCORPORATED

Description

Teletype Corporation Model 33TC Standard Duty Send-Receive Page Printer Set with Tape
Perforator and Reader (Private Line Version) with these features:

Set Features (L.ess Punch and Reader)

Eight-level, 11.0 unit code (1.0 unit start
and 2.0 unit stop pulse)

8-1/2" friction feed platen capable of
handling one or two ply paper (maximum
roll diameter 5")

Data communications type wheel arrange-
ment with associated four-row keyboard
layout (American Standard Code for In-
formation Interchange)

115 V AC 60 cycle synchronous motor unit
Gears for 100 wpm operation (110.0 Bauds)
Adjusted for 72 character line

Horizontal spacing 10 character per inch
Vertical spacing 3 or 6 lines per inch

Selector magnet driver can accept .020 or
.060 amperes with proper wiring (strap-
ping)

Two-tone cover: Ivory and Greige

Standard Teletype nameplate

. Copyholder

Answer-back mechanism (21 character)
actuated by the "here~is" key

Answer-back drum to be coded by the
customer

Function box "on-line" operation of line
feed, carriage return, and bell

Space suppression at end-of-line

Control key (functions)

Shift key (locks out keys without shift case)

Break key and "Here-is" key

Power supply transformer

‘Convenience outlet

3-way switch (off, on-line and local)

Wiring provisions for optional full duplex
operation

Sheet metal stand with greige color finish

Tape Reader Features

3-way operating switch for start, stop and
free position

" "End-of-Tape' mechanism to shut down
reader

Feed sensing electromagnet is pulsed by the
distributor

Table 25

Power pack assembly
Parallel wire output to distributor

Operating sequence; reads tape and_feeds

Capable of reading fully perforated tape

(continued)

Teletypewriter

Equipment Features and Components
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Tape Punch Features Dimensions
Four operating buttons, "OFF", "ON", Complete set less stand:
"BACKSPACE", and "RELEASE" Width 22"
" _ Depth 18-1/2"
1" Core for tape supply Height 8-3/8"
Fully perforated 8-level code holes and Weight 44 1hs.
feed hole _ .
"V'" shaped tape tearoff ‘ St&?géh Supports Teletype\lv';“_lg%”
Operating sequence; feed and-punch Depth (at Top) 8"
. Depth (at Bottom) 6-1/2"
Removable chad box (Designed for attaching Height 24-1/2"
to stand) | Weight 12 1bs.

Estimated Service Life

General Information

: 7500 Hourg at 60 or 66 wpm
Interoperates with existing teletypewriters 4500 Hours at 100 wpm
having corresponding features

r'ewer options possible compared to Model

35 Heavy-Duty Equipment Lubrication Intervals

Actual and schematic wiring diagrams '
packaged with set Printer, Tape Punch and Reader

Set shipped completely assembled less stand : .
and chad box 100 WPM 500 Hours or 6 months,

~For applications requiring a broader range whichever is first
of features, the Teletype Model 35 line of
equipment is recommended, 60 or 66 WPM 1000 Hours or 1 year,

The above equipment requires a channel : whichever is first

capable of handling 110,0 Bauds (Bits per

second) for operation at 100 wpm, If for J

use on Dataphone Service with "Bell" Data Preventive Maintenance and Overhaul
" Subset or its equivalent, we can furnish

the necessary interface coupler under

Part No, 198420, at $78,20 net each plus

Part No, 186145 Cord with Connector at

$5.60 net each, (P/N 186136 - voltage) couplggg}ﬂ and 5000 hours 1500 and 3000 hours
One copy each of Bulletins 273B Vol, 1, .

310B Vol, 2, and 1184B furnished with Note: Hours indicates actual operating

each set time.

At 60 or 66 WPM At 100 WPM

(Table 25 continued)
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next command, If this verification is not received for some feason,
the program will be held in this step. In this step-by-step operation,
the teletypewriter reads the program code from the tape and trans-
mits this signal to the logic package. While the ;:X_MML mechanism
is operating, the teletypewriter may be programmed to print a
written description of the operation. An example of printout is
shown in Table 27,

The standard Model TC33 teletypewriter requires only
minor modifications for use in this application. Since it
operates synchronously with its tape-reader during the normal
printout mode, the AMML programmer must provide a program-
interrupt to stop the tape-reader whenever an operation requires
more time thap it takes to print the written description of the
operation. The program-~interrupt is accomplished by using
the coincidence of a "cycle not complete' code ("EOC') and
a "BELL" non-printing code that is included on the program
tape at the end of each completed instruction and message.
The programuintellrupt disengages the teletypewriter's tape-
reader whenever these conditions are met. An END OF CYCLE
command is generated whenever: 1) A valve being controlled
reaches the required new position, 2) The syringe pump com-
pletes a trans.fer cycle, 3) A filter change is completed, 4)

A thirty-second WAIT has been completed, or 5) The beta
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AT START VALUVE A IS AT POSITION 3 (OFF)3 VALVE B IS AT POSITION

5 (ENZYMEYS SYRINGE IS EMPTYS; UNUSED FILTER IS IN PLACE.
#1e >0S8 SYRINGE =~ FILL (ENZYME D

#2. <1B VALUVE B LEFT TO POSITION 4 (R-XD

#3e <05 SYRINGE EMPTY

#e. >1B VALUE B RIGHT TO POSITION S (ENZYME)
#5¢ >0S SYRINGE FILL

#6e <13 VALVE B LEFT TO POSITION 4 (B-X)

#7« <0S SYRINGE RMPTY

#8. <1B VALVE B LEFT TO POSITION 3 (OFF)

#9+ <OF CHANGE FILTER -

#10e <1A VALVE A LEFT TO POSITION 2 (GeCe#le)
#11s >0S SYRINGE' - FILL o

#12. >1n VALUE A RIGHT TO POSITION 3 (OFF)

#13. <1B VALVE B LEFT TO POSITION 2 (DUMP)

#124te <0S SYRINGE - EMPTY

#15. <1B VALVE B LEFT TO POSITION 1 (WASH SOL.)
#16+ >0S SYRINGE - FILL

#17. >1B VALVE B RIGHT TO POSITION 2 (DUMP)
#18. <08 SYRINGE - EMPTY .

#19. <1B VALVE B LEFT TO POSITION 1 (WASH SOL.)
#20¢ >0S SYRINGE - FILL '
#21¢ >1B VALUE B RIGHT TO POSITION 2 (DUMP)
#20. <0S SYRINGE - EMPTY ‘

#23. <1B VALVE B LEFT TO POSITION 1 (WASH SOL«)
#2404+ >05 SYRINGE - FILL ~

#5. >1B VALVE B RIGHT TO POSITION 2 (DUMP)
#26¢ <0S SYRINGE - EMPTY

#7. <1B VALVE B LEFT TO POSITION 1 (WASH SOL.)
28, >0 SYRINGE - FILL

#99. >1B VALUE B RIGHT TO POSITION 2 (DUME)
#30s <05 SYRINGE - EMPTY

#31¢ <1B VALUVE B LEFT TO POSITION 1 (VWASH SOLe)D
#32¢. >0S SYRINGE - FILL . .

#33. >1B VALVE B RIGHT TO POSITION 2 (DUMP)
#34. <0S SYRINGE - EMPTY

#35. >1B VALUE B RIGHT TO POSITION 3 (OFM)

#36« >0F CHANGE FILTER

#37¢ <1A VALUE A LEFT TO POSITION 2 (GeCe#1) .

Table 27

AMMIL Teletypewriter Printout of Typical

Control Program
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and bicluminescence detectors acknowledge that they have been
turned ON or OFF,

The block diagram and explanatory legend of the AMML
programmer is shown in Figure 42 and Table 28 and a front
panel layout in Figure 43 . The programmer consists of a
shift-register which takes the serial signal from the tele-
typewriter's commutated signal and provides a ineans for
parallel réadout and detection of a single character, These
charact‘ers are made up of an 11-BIT code based upon the
ASCIIﬂ< code and ai‘e detailed in Figure 44, The 11-BIT code
always begins with a "Start' signal, represehted by a "o"
followed by 7-BITS of character identification, "I's" and "0's, "
a parity BIT (always a '"1'" in this case), and last two STOP code
BITS, '"I's."

Character detection is accomplished by gétes’ which
examine ihe shift-register output for the desired combination
of "I's" and '"0's.," When the requiréed combination occurs in
coincidence with a clock pulse (CL), an output signal is
gene.rated which is tised to initiate an opération or is stored
in a binary memoxry element for delayed usage. The binaries
remain set in this condition until they are RESET at the end

of the cycle.

American Standard Communication Information Interchange.
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BELL = Conditional Hold
S‘YNC = Synchronizing Pulse to Open Data Gate
CL = Clock Pulse Bus |
R = Reset Bus
EOC = End of Cycle Command Level
SR = . Shift Register Signals
ON = "ON'" Level from Direction Detector
OFF - "OFF'" Level fi‘om Direction Detector

STROBE = Timing Pulse when TTY is Synchronized
for Number Entry

~SF = SYNC Frame - Gate is Open During 32
Second Data Entry Period

Rx = Relay

TTY = Teletypéwr:;tter

MDC = Master Detector, Control
MDL = Master Detector, Letter
MDN = Master Detector, Number

Table 28

Explanatory Legend for Figure 42
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The operational codes which are combined with control
characters are shown in Table 29 . A typical program code con-
sists of four characters. Tiw;e first character of the program
code is a "SYNC!" code that initiates a 0.3 second gate that is
used to activate the detectors for the three characters which
follow. The second character is a ' >'" or "< which is used .
to program the RIGHT or LEFPT, UP or DOWN, or ON or
OFF. The fo;qrth éharacter is a device designation character
which is also described in Table 29 . The third character is
used to preset a step control register which is used to con-
trol the number of valve pdsitions which must be moved.

As had been shown in the example in Table 29, the
program code word is followed with a description of the }
operation being performed.

2. Program Preparation
Programming tapes are prepared with the use of
the tape perforator on the Model TC33 tele"cypew.riter. In
preparing a program tape, the exact format is dictated by the
actual function that must be performed by the programmer,

The first operation is to push in the tape pﬁnch to "ON"
and the teletypewriter power switch to the "LOCAL'" position.
A few inches of leader tape is advanced through the tape punch

by use of the "BREAK'" key.
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Operation

Code Control Function

A Valve A Motor Drive

B Valve B Motor Drive

D ' Prografn Delay (1 min, )

F Filter Changing Cycle

r Bioluminescence Detector

R ‘ .~ Beta Detector

S Syringe Motor Drive

> ~ UP, ON, or RIGHT

< DOWN, OFF, or LEFT

0 Move One Thru Six

thru Valve Positions (Operation

5 code is (N-1) valve positions)
"BELL" Holds Programmer if in EOC
"SYNC! Provides Method for Synchronizing

Character Defection

These Operation codes are used to control the AMML programmer,
As an example, the word format would be: "SYNC" < 1 A.

A typewriter message should follow; '"valve a Left to positions

2 (GC.#1)" ‘

Table 29

Description of Operation Codes
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Initial written instructions for tlie operator should be printed
first. These should include set-up details such as any manual
settings he should make before the automatic program commences.
These instructions should be followed by 1) "SYNC" (V plus CONTROL),
2) "BELL" (G plus CONTROL), 3) Carriage Return, and 4) Line
Feed. so as to make sure all program resets havé been made.

This control format for the AMML is shown in Table 30 . The
printout format which follows had been shown in Table 27 starts
with an item number, followed by a period, space, and the control
character "SYNC" (wlﬁch is written as V plus CONTROL). The
v”SYNC“ chéracter is followed Ey a ''greater than;' or '"less than"

* symbol which iﬁdicates an up-down, on-off, or a right-left
operation, anumber (N-1) indicating't.he number of steps (N}, '

if any, which must be detected in the operation commmand, and
last a device designation character which is a letter of the
alphabet.

Following the four-character control word is a written
description of the 'operatioh Abeing performed.that does not have
control capability, This provides the user a means to visually
check the Steps of the program as it progresses.

A "BELL'" CONTROL follows which is used to stop the

program operation in the event that the control sequence has




Step 1.

Step 2:
Step 3:
Step 4:
Step 5:
Step 6:A
Step 7:‘
Step 8:
| -Step 9:
Step 10:
Step 1L

Step 12:

BIOSPHERICS INCORPORATED

"BELL!" (Control 4+G)

"CR'" (Carriage Return)

"LE" (Line Feed)

Itemm Number (X)

”SPACE”

"SYNC'" (Control +V)

Direction (> or <)

N (Number of poéi’cion changg, minus 1)
Letter designation of device (A, B,A S, etc.)
"SPACE"

Written description of control command

Repéat sequence starting with Step 1 for new command

Table 30

Control Format
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not been completed. The incomplete sequence is indicated on
the RED "EOC" lamp. Upon completion of the sequence, the
GREEN "EOC!'" goes ON, and the program automatically re-
starts. A "CARRIAGE RETURN" and "LINE FEED' are the
next characters, followed by the next item number which
repeats the above sequence.

. After a complete sequence of events is recorded on the
punch tape, additional operator instructions may also be
printed. The tape is then advanced for a few inches through
the punch with the use of the "BREAK'" key on the keyboard
of the teletypewriter and removed frdrn the punch. The pre-
pared tape is then wound, keeping the beginning of the tape
at the outside of the coil and stored until its use is required
in performing a programrning function.

3. Program Tape Use
The teletype controls should initially be in the
following positions:
a) The main switch is in the "LOCAL'" position.
b) The tape punch is in the "OFF' position.

c) The tape-reader is in the "FREE' position.

All connections from the tape-reader to the program con-

troller must be in place, and the system turned ON and com-

pletely reset (depress all red buttons on the programmer

front panel). The start of the program tape is placed in the
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tape-reader with the leader in the reading area and the tape-
reader latched closed. The system is th¢n ready to start an
automatic program, .

The automatic program is initiated by moving the switch
on the tape-reader to the "READ" position. The first operation
of the teletypewriter will bet the printing out of the necessary
initial conditions that must be manﬁally set-up in the AMML,
When these are printed, the reader will stop until the operator
actuates the m#ster "RESET!" push button on the AMML pro-
grammer to acknowledge that the initial conditions have been
met. From this point on, the éntire sequence of events occurs
’ au;conlatically, and the operator need only to monitor visually the
progress of the program to assure its. error-free operation. At
the end of the automatic sequence, the teletypewriter will print
additional instructions to the operator and cease operation.
Depending upon the exact character of the program which is
stored on the punch tape, the end of tape can signify several
conditions: this could be the end of the complete program, an
intermediate pause between programs, or an alternate program
selection point. This selection must be made by the operator.

4, Operational Details
The output signal from the teletypewriter is a

series of sequentially coded pulses, During an idle condition,
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the signal is a D, C. level ('1's'), Data signals are pulses
("0's'") in groups of 11-BIT characters that are coded in a
very particular manner consisting of first a START which
is a "0'" followed by an 8-BIT code to conform to the
American Standard Communication Information Inter -
change (ASCII), followed by 2 STOP codes "1's'' which
complete the character‘ code. The ASCII code describes all
letters of the alphabet, numbers, punctuation, descriptive
characters, and some non-printing control functions, as
described previously in Table 29 . FEach character is trans-
mitted‘by the teletypewﬁter during a 0.1 second period
followed by the next character sequentially as long as data
is being transmitted by the teletypewriter. The individual
BITS of data for each of the characters transmitted at a
rate of 110 Hz, occupy a time frame of 9.1 ms,

The automatic program controller accepts the signal from
the teietypewriter through an inptﬁ: conditioner that converts
the signal level from the teletypewriter to a standardized 5
volt logic level pulse. Each transition of the input signal
from "1" to '"0'" creates a synchronizing pulse which is used
to keep the internal 110 Hz clock oscillator in synchrony with

the teletype data frame,
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The clock oscillator (CL) has two functions. One is to
command the Shift Register (SR) to shift the data BITS to the
adjacent storage element, and the other is to provide a master
strobe command to interrogate data at the proper time as it
passes through the Shift Register.

The Shift Register is an eleven binary storage element
connected in such a manner that when commanded to shift, the
first binary transfers its dat;L BIT {(either a "0'" or a "1") to the
second bihary, fhe second to the third, etc., thfough the entire
Shift Register., The shift command in this case is a 110 Hz clock
pulse corresponding to the rate of data as it is received from
the teletypewriter. In operation, the Shift Register temporarily
stores the serially-coded information from the teletypewriter
so that each complete character is stored in the Shift Register
once during the readout cycle.

As these characters pass through this Shift Register, some
are used to create command in the 19gic system. A "BELL"
command is used to interrogate the programmer to determine
if it is still in operation from the previous command by detect-
ing the presence ('1'") in the END-OF-CYCLE (EOC). If
the EOC is "0'", the programmer continues to accept the next
character that is transmitted. If the EOC is "1, " (]_L‘—B_“C), the

programmer signals the tape-reader to STOP. The transmission

2
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of data by the teletypewriter ceases until the EOC again is
0. " The EOC is controlied by the Reset Generator that
receives its signal from the completion of the device
operations.

When the SYNC character is received, a 0.32 second
SYNC FRAME (SF') is generated so that the next three characters
can be identified in the logic programmer. The next character
in the command is either a ".>'; or a "< ," and is used to give
a direction to the command, as described previously in
Table29 . The third programming character is used for
setting the vélve positions and is a number 0-5 indicating
the number of steps, if any, which must be vcounted during
a particular sequence. (A '"0" is used for the other con-
Vtrols. ) These numbers are preset into a binary counter that
has 28 BITS of counting capacity, This counter uses the first
two binaries to pre-divide the signals from the valve cam
switches that are located on the slide valve drive system.
(Each valve position change requires four complete revolutions
of the -drive motor.) The last character to be received is a
letter code used to identify the actual mechanism which is
being programmed during this cycle. A description of the
letter code designations used by the AMML have been shown
in Table 29 , and may be expanded to include additional

letters of the alphabet as they may be required.




BIOSPHERICS INCORPORATED

This design has applications which could extend beyond that
"of the AMI\iL program, and it is possible to make simple

modifications to the characteristics of the command word so
that more flexibility can easily be obtained. One such modification
is the incorporation of several decade counters that can be |
preset with more digits that are added to the command word.
Such applications as digital-linear position indicators and
digital-angular indicators that can have a 106 resolution
would require a simple modification requiring additional
decades to be added. Additionally, for high-precision, com-
plex applications, a digital comparator can also be incor-
porated so that the programmer would then bé capable of
controlling multiple drive high-resolution transducer—-‘
inductors.

The AMML programmer design uses integrated cir-
cuits manufactured by Signetics which héve been chosen for
their simplicity of assembly, economy, high noise immunity,
and ready ava;ilability. The most important design con-
sideration in using these integrated circuits is the strict
observation of the input and output loading rules particularly,
in the case of the output from the Shift Registef binaries
where additional drivers have been added to prevent over-

loading. In addition, output drive capability is conserved
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by grouping the redundant portions of the character identification
"together. This is accomplished by the use of three 4-BIT
detectors for the identification of 1) the nonprinting céntrol
characters (MDC), 2) the letters (MDL), and 3) the numbers
(MDN). These three detectors are also synchronized further
with a clock pulse signal (CL);
5. Logic kCircgit

The f;mctional group of logic circuits which are
used to perform the details of the operation described above are
covered in the following description. The logic circuit diagrams
use symbols that are described in Table 28,

a. Input Conditioner

'The output signal from the teletypewriter is

obtained from the rﬁagnet drive circuit through an ungrounded
source of 5 volt pulses. These are used to drive a transistor
amplifier that actuates a mercury~wetted-contact relay which
in turn normalizes the signal to the logic pulse levels as shown
in Figure 45. This type of_relay was sele.cted because of its
reliability, fast response and freedom from contact bounce.
The input conditioner operates so that the teletypewriter's
"Marking' transmission (''1's'") prodpces a '"1" signal to the
logic circuits, and the "Space' transmission (''0's"') produces

a '"0" signal. This logic circuitry defines a '"1'"' as a signal
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Abletween +3.8 and +5.0 volts and a "0" between 0.0 and +0. 6
volts,

The relay drives two circuits. One, the synchronizing
circuit for the Clock Oscillator, forces a resetting of the
unijunction oscillator every time that the input signal has a
"o to "1' transition, This scheme assures that the 110 Hz
free-running clock Oscillator is always in phase lock with
the teletypewriter commutatér. The Shift Register also uses
the relay signal along with an inverter circuit which provides
the complementary signal to the second input to the
Shift Register,

The unijunction oscillator uses a G. E, Type 5DKI1 com-
plementary unijunction transistor which has improved sta-
bility characteristics over the standard unijunction transistor,
In this circuit, the emitter is com}ected to the RC timing
circuit that has a normal period of 9.2 milliseconds. The
synchronizing circuit is also conneci:ea to the emitter through
a smaller (4. 7K) resistor and briefly (for about 1 millisecond)
applies this resistance across the timing resistor causing the
circuit to reset at the synchronizing time. At other times,
this synchronizing circuit appears as a very high impedance
and has no effect upon the timing circuit. An additional in-

put is included with the timing circuit which is used as an

)

)

S~




BIOSPHERICS INCORPORATED 1 ?8
Inhibit Clock to inhibit the operation of the oscillator during
‘the intervals that the Shift Register must remain static.
The output of the unijunction oscillator is obtained from
base #1 which is a negative going pulse that has an amplitude
of 5 volts and a width of about 0,1 miiliseconds. This signal
“is coupled to the Clock Generator through a PNP transistor,
The Clock Generator (CL) output isra negative going pulse
with a 2 milliseéond width and is used ’;o time 'all the pro- |
grammert's logic detection and data transfer so that these
functions will occur in synchrony and in their proper sequence.
In operation, the détectors strobe the data from the Shift
Register while (CL) is at "0} " while the transition of '"1"
causes the Shift Register to accept a new data BIT.
b. Shift Register
The Shift Registei‘ (SR) circuit is detailed in
Figure 46 and consists of 1l binary storage elements. Each
binary element consists of a slave and master memory element.
Data can be entered into the register either direétly into the
master memory through the direct set Spy, or reset Ry inputs
or through the slave memory upon command (through the J and
K inputs that are enabled with the Clock input). In each case,
the @ and Q assume the logic of the Syy and Rp or J and K inputs,

respectively,
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In operation as a Shift Register, the J and K inputs of the
binary element al;e connected to the previous Q and Q or the
input conditioner, A shift command on the Clock input (CL)
operates by disconnecting the slave from the master during
the "1" signal when the slave also assumes the condition of
the input. The state of the slave is transferred t.o the
master during the '"0'" signal.

The program controlle.r is designed so fhat data
characters may be manually entered into the Shift Register
for teé’cing purposes through the use of preselected toggle
switches and the manual entry push button on the front panel.
This enables the user to trouble-shoot the circuitry in the
event of operational difficulty. A manual reset push button
is also provided to clear any data in the register.

The twenty-two output lines from the Shift Register
provide signals to the various detector circuits and to
drivers for the front panel indicator lamps. | The l.iﬁes
represent both the Q and Q of all the Shift Register elements
and are indicated 1 and;ln for the output of SR #1; 2 and —Z— for
SR#2; etc. Because five of these lines are used beyond the
capacity of the output of binary, additional drive current is

provided with the use of a type 384A OR Gate.
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¢c. Data Detectors

Several data detectors are included in the cir-
cuitry for the program controller. Included in these are groups
of master detectors as shown in Figure 47, the command defectors
in Figure 48 , and device designation detectors in Figure 49.
Each of these detectors consists of groups of OR Gates that
are used in combination so as to detect the presence of a
condition in which all inputs are "'0. "

The master detectors (MDC, MDL and MDN) examine the
contents of Shift Registeré 1,2,3,9,10, and 11 as well as the
_ presence of a CL pulse. A pulse is produc.ed ét the output
of these detectors whenever a control (MDC), letter (MDL),
or number (MDN) symbol is present in the Shift Register.

The two control detectors are used for the BELL character
and SYNC character. The BELL character interrogates the
status of the program controller so that if the programmer has
not been reset by the termination of the previous control
sequence, the tape-reader in the teletypewriter is disabled,
and the reédout sequence is held at this point. In the case
where the program controller has been reset before the
BELL character is received, the teletypewriter's tape-
reader Wili continue without pausing. This circuit is detailed

in Figure 50 ,
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The SYNC character opens the detection gate (SYNC Frame
Generator SF in Figure 51) for 0. 32 seconds and enables the
detection of the next three characters received. These
characters are used in controlling the various devices of the
AMML. The SYNC character may also hold the program by
commanding the End-of-Control (EOC) element to "0, " The'
EOC will remain in this condition until the device being pro-
grammed has completed its operating sequence. This
character is used to control one of the various devices on the
AMML breadboard.

In the case of the Valve A and B and the Syringe, the
- receipt of an "A,'" "B, " or '"'S'"' is used to set the Direct Set
(Sp) input of the associated memory element as shown in
Figure 52 . The filter command from the letter "F" is
coupled to a pulse generator which initiates the action of a
short-time delay relay that is held in briefly while the filter
mechanism is activated. A switch then holds the relay until
the operation is completed. This circuit is detailed in
Figure 53 . Memory elements which control relays for the
radiation detector R and bioluminescence detector P can be
“turned ON or OFF by; use of the direction control in con-
junction with the P or R. This circuit is detailed in Figure 54 .,

Another device character is the letter D which activates
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.

a delay in the program (shown previously in Figure 51 ). This
delay can be adjusted over a perio.d from 20 seconds to one
minute, théreby holding the program off during this period.

At the end of the delay period, a reset command is generated,
and the system then proceeds on to the next prograrﬂ command,
This delay is useful whenever a pause in the program is re-
quired. for chemical reactions, mixing, or during fhe read-
out of detectors as desired.

The direc'tion control characters (> or ) are grouped
with the number symbols. These are used to command either
a RIGHT or LEFT, UP or DOWN, and ON or OFF control
" in the program. The direction control detector is shown in
Figure 55 and consists of an OR Gate array which examines
the contents of Shift Registers 4, 5, 6, 7,. and 8. The output
of the detector is coupled to both the Direct Set (Spy) or the
Direct Reset (Rp) input of a memory element that drives a
control relay. The relay operates the Rigl}f and Left lamps
on the front panel and also the reversible motor that actuates
the slide-valve mechanism. The logical Q and Qare used

as inputs to other detectors.

The number characters that follow the direction character

are used to set the binary register that is shown in Figure 56

This register is used to count the steps during the operation

191
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of the slide-valve controls from the AMML apparatus. The
first two stages of the counter predi&ide the input pulses
that are generated by the cam microswitches on the valve
controls. The next four binaries are preset from Shift
Registers Z, E, ?)—, and 7 during the transmission of the
number character. The seventh binary is always preset
to ""0" and is used as an overflow register so that when the
preceding binaries accumulate the required number of
pulses upon overflow, this register goes to "'l,' and its 'out-‘
put signals the end. of the sequence and operates the reset
generator. The binary counter is preset by use of the bin-
ary strobe command that is generéted upon receiiot of either
thel or {character. The strobe pulse follows the direction
character after a 0.1 second delay. After receipt of the
strobe command, the binai'y counters operate in a normal
fashion and accumulate the input pulses in a binary sequence.
The central control for the program completion is the
generation of a reset pulse, This reset is used to de- _
activate all the devices that are being controlled. As shown
in Figure 57, this circuit is controlled by the presence of
any of seven signals: Delay termination, R control, P con-
trol, Binary Counter overflow; UP Syringe microswitch,
DOWN Syringe microswitch, and the Filter transport cycle

completion.
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D. Sensors and Measurement Circuits
1. ATP Measurements

The tests for adenoisine triphosphate-~specific
bioluminescence are ceirr’ied on iﬁ an optical reaction cell
which is coupled to the Valve B 111énifold through small dia-
meter teflon tubing. The chamber is coﬁpled optically to
t}'le photocathode of the photomultiplier as ‘shown in Figure 58.
An integral reflector surrounds the reaction chamber to
increase the light collection efficiency from the bioluminescence
reaction on the photocathode. The chamber is fabricated so
that there will be minimal liquid retention or hang-up.

In operation, the ATP reaction chamber is first filled
with the enzyme in its buffer solution, and then the unknown
ATP sample in its extraction solution is quickly injected into
the volume. The resultant bioluminescence emission is
measured by the photomultiplier and its associated electronic
circuitry.

The photomultiplier used in this assembly is the Centronix
type VMP 13/44K, a 13-dynode tube which has a sé11sitivity of
200 AMP/lumen when operated at 133.0 volts. The dark current
is specifiéd as 1.5 nanoampers while operated with this sensitivity.
Figure 59 shoWS the relationship of dark current from this photo-

multiplier as a function of supply voltage.
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The read-out circuitry for this sensor is shown in
Figure 60 and consists of several commercially available
instruments that are-used as a matter of con\fenience in this
breadboard demonstration project.

2. 14CO2 Measurements

Several new techniques were investigated during
this research program to develop improved schemes to mea-
sure 14ECOZ. One technique consisted of a scheme to acquire and
compress a sample of gas containing 14COZ into a small detection
volume containing a solid-state detector as shown in Figure 61.

A specially sealed detector was obtained from ORTEC of
Oak Ridge, Tennessee. The detector had been selected for a
noise resolution of less than 9 kev. The preliminary ltesting
of this system showed that although the scheme was feasible,
it was not .adaptable to the breadboard instrument.

In addition to this approach, the breadboard apparatus
can also accommodate the standard (’}ullive‘r type GM-getter

14

CO,, detectors that have been used successfully in previous

2
development programs,

3. 1l'ifCFand 358 Measurements

The apparatus to assay beta radiation from the

14

filter of the residual ~~C and 358 will use either a solid-state

detector such as the ORTEC type BA-020-300-100 surface
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barrier detector or a GM counter. Preliminary tests of the
operating charac‘t eristics of the ORTEC detector have been
performed with test equipment previously shown in Figure 61
and preliminary tests are shown in Figure 62 . Additional
results from this development indicate that this system can
be operated with a discriminator setting of 26 ke%z, with about
15% detection efficiency of the 14C activity from the filter tape

with a background rate less than 1 count per second.
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V. The AMMI: Testing Program

Upon completion of the AMML instrument, the apparatus
was tested with several sample programs that reflected the.
best programming information available at this time. A
set of instructions has been developed for each assay that
will provide the basic operation‘al program. As biological
and operational data is obtained in future programs, these
instructioné must be modified to reflect these changes.

The present operétidnal instructions are described in the
following:

A. The ATP Assay

1. Prepare the pr‘ogram tape to provide for the
necessary steps of adding enzyme, buffer, extractant (or
ATP standard) to the optical reaction chamber, as well as
the cycle to remove the fluids from the chamber and rinse it.
This is similar to the program described previously in
Figure 41.

| 2. Test the operation of the breadboard apparatus
with the program tape to verify its operation and that the
sequence is written correctly.

3. Use hand-operated hypodermic syringes to test
the photomultiplier/optical reaction chamber combination

with small quantities of enzyme and an ATP standard to
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obtain a rough calibration of the sensitivity of the detection
system. After initial responses are obtained, increase the
quantities of the reagents to the amount used in the instrument
so as to verify the operational sensitivity of the breadboard
apparatus in the test cycle.

4, Integrate the optical reaction chamber to the
breadboard apparatus and perform tests to provide a standard

curve to the limit of sensitivity with standard ATP samples

-2 -3

at various concentrations (i.e., 10 10 1 0_4, etc. gamma
per 0.01 ml).

5. Using a known culture which has been assayed
for ATP concentration, use the extraction cycle from the
test program to remove the ATP from the organisms that
are deposited on the filter in the AMML breadboard.

6. Repeat #5, except substitute cultures taken
from the AMML growth chambers that have previously been
inoculated with known test soil samples.

~ B. The 358 and 14C Uptake Measurements

1. Prepare a program tape similar to the above
which will prepare a filter with microorganisms from a growth
medium that have been cultured with the type of nutrients

required for the AMML operation. The program should include

a filtration cycle, a drying cycle, and a counting cycle.
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2, Test f;he program and breadboard apparatus in
a simple operation that consists of filtering organisms on
standard millipore filter disks. Manually remove these from
the apparatus for drying and counting by the standard
laboratory instruments.

3. Using sections of filter tape, repeat the
filtering cycle above to déposit the microorganiéms on
the filter tape. Allow the program to transfer these into
the drying apparatus of the AMML breadboard, and then
into the beta detection chamber for assay of 14¢ and 353.

4. Repeat step 3, except use microorganisms
- that are taken from the AMML growth chambers that have
been inoculated with known soil sampies.

C. The Phosphate Uptake Determination

1. Prepare the program for the operation of the
AMML breadboard apparatus for the mixing of the triethy-
lamine (T.E. A.) and aliquots of the test sample; perform
the precipitation to dry and count the filter. and to wash the
apparatus.

2. With distilled water substituting for the |
reagents, verify the operation of the apparatus.

3. Verify the mixing of the T.E, A, Aand sub-

sequent precipitation of standard phosphate solutions.

206




o,
BIOSPHERICS INCORPORATED =0 ‘
4. Combine step 3 with a filtration cycle, using
standard millipore filters.
5. Repeat the cycle of étep 4, except use labeled
"T.E.A. and add a filter change cycle to remove the filter.
Then transfer it manually to the 1aboratory dryer and
counter for verification of the pvrecipi.tation procedure.
6. Substitute 'aliquots of liquid from the AMML
growth chambers for the pﬁospha’ce standards and repeat
step 5. |
7. Test step 5 with short sections of filtering
tape and add operation of the AMML dryer and 14C assay
cycle to the program.
8. Combine step 6 with step 7.
D. Integrated System Testing
| Prepare a program tape which combines the
three tests that are described in A, B, C above. The system
should then be tested using this program to verify the
operation of the complete breadboard appa;atus for all of

the assays.
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VI. Recommended Future Program

The Automated Microbial Mefabolisrn Laboratory research
and development program has uncovered a number of problem
areas that need further studies. The suggested future
research program that is described below will require
the use of the AMML feasibility instrument. As these studies
continue, the instrument will be refined further so as to
incorporate improvements and modifications that result
from the program.

A. Light Fixation-Dark Release Test

Further refinements should be made in the
apparatus and techniques required for this assay in order to
increase the precision and obtain the maximum in sensitivity.
It is recommended that a leakproof exposure chamber be
designed and fabricated for laboratory studies. The design
should permit the use of various gas flushes to investigate
the removal of nonbiologically fixed’ 4COZ'

Additional biological studies should be conducted on a
variety of soils once satisfactory p’recision and background
levels have been achieved. Determination should be
made on the sensitivity, effects of added moisture and
the effects of type and duration of light expoéure. The

optimum sample size as well as amount and specific

208
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activity of added carbon dioxide should be determined in
order to obtain a favorable signal-to-noise ratio. Bard-
Parker germicide should be tested further to ensure that
it will act as a satisfactory antimetabolite in this assay.

B. 140 and 358 Uptake Test

Nonbiological retention of labeled substrates by
the filter materials anrd soil particles has resulted in a high
background level and had an unfavorable effect upon the
sensitivity of this test. Further studies are required to
select a filter material and to develop a wash regimen
which will lower the nonspecific absorption of the isotopes
to a more desirable level.

Biological studies of the 14C and 358 ﬁptake tests
should be conducted to measure the number of cells which
can be detected by this test and determine the photosynthetic
component of the uptake. Further experimentation will be
required to determine the applicability of Bard-Parker
germicide and to gain experience in the assay of different
soil types with this test.

C. Phosphate Uptake Test

Serious inadequancies in the application of the

colorimetric and radioisotcepic phosphate assay procedures
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have been found in the current laboratory research program.
Further analytical method development will be required to
apply these techniques to soil extracts. In addition,
alternate analytical methods should be examined as
candidates for the phosphate assay.

Additional biological studies of soils and the photo-
synthetic nature of their phosphate uptake are required.
Further testing of Bard-Parker germicide for this assay
would be desirable. |

'D. Firefly Bioluminescent ATP Assay

The relationships of response to volume ratio
of reaction mixture to extractant, and to total volume should
be studied in greater detail. Such studies are a requisite
for determining the optimal volumes to be used in the

AMML.
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